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ABSTRACT

A pig'production experiment was designed to investigate the
effects on live performance and carcass composition of feeding three
levels of a low energy, low protein diet to two breed groups of
barrows and gilts slaughtered at either 68, 91 or 114 kg liveweight.

Equations'for predicting total muscle content of pig carcasses
were developed based on carcass measurements routinely made under the
Canada hog carcass valuation system. By the addition of increasingly
expensive predictors such as cavity fét, ham face tracings and indivi-
dual muscle weights to the predictors furnished by the valuation
system, standard errors of estimate for overall equations were reduced
from 0.73 to 0.55 kg muscle. When prediction equations from one breed
group were tested on the other in a process of'cross-vélidation,
standard errors of estimate increased. It was concluded that if used
in experiments where the establishment of significant differences is
considered of importance, the use of prediction equations in lieu of
dissection could lead to the representation of misleading significance
levels or could incorrectly indicate an absence of treatment effects.
Thé use of inferences made from treatment effects on the predictors
themselves led to similar conclusions arrived at by considering.fhe
treatment effects on actual muscle, but there were cases where the
inferences would have been misleading.

Analyses of variance were used to examine the effects of treat-
ments on such variables as daily liveweight gain, feed conversion
ratios and carcass grades. Such analyses do not lead to the location

of the combination of inputs (treatments) which result in high returns



to management. This problem was approached by the use of prediction
equations or produc£ion funct%ons whereby combinations of inpu;s which
would yield high returns were determined. Variables needed in the
economic analysis and not directly available in the present experiment,
were obtained from an Alberta Department of Agriculture Hog Enterprise
Analysis (1967 and 1968). The analysis revealed that the current
pricing system, based on a grade index grid, had a strong influence on
the combinations of feed level and slaughter weight within which high
returns to management were possibler

The current hog valuation system was examined and found to result
in payment of varying prices per kg of muscle depending on the level
of backfat and carcasé weight, When carcasses were arbitrarily valued
according to their muscle confent a new grid for grade indices result-
ed, which increased the spread between high and low quality carcasses.
Also carcasses outside the currently accepted weight ranges would
receive indexes more in line with their value based on muscle content.
If these recommendations were followed (i.e. valuation of carcasses
based on muscle content) further economic analyses indicated that
producers would have much greater leeway in range of liveweights at
slaughter over which high profits could be made.

The respoﬁse surface approach used in this experiment was viewed
as a valuable experimental tool for use by speclalist research workers.
However, the adaption to pig production of a simplified response sur-
face approach currently in use in industrial applications is urged.
Work on such adaptations is seen as a fruitful field of research which
could lead to thé implementation of routine operations research on

individual commercial pig production units,
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INTRODUCTION

Pig production research results are incfeasingly being reported
in terms of efficiency of muscle production. Canada has a grading
system originally based on measurements found to be related to
muscle content but subsequently amended to encourage production of
pigs within carcass weights and backfat levels specified by th;
packing industry. The development of an accurate prediction equation
based on grading system measurements as predictors of carcass muscle
content would enable Canadian research workers to readily ectimate
muscle production without the need to resort to expensive dissection.

Factorial analyses of treatment effects on variables such as
muscle content, feed conversion ratios, daily gains and carcass
grades yield isoléted pleces of information difficult to co-ordinate
as such into specific guidelines fér use in commercial pig product-
ion units. The use of a response surface approach to analysing the
measures of performance, together with integration into an economic
analysis, would enable an interpretation of their combined effects
and the effects of an amended grading system based strictly on
muscle content.

Pig production research is comparable with the pilot plant
stage of the development of manufacturing processes in secondary
industry. Highly trained researchers use a pilot plant to define
combinations of inputs which yield a marketable product. Because
the pilot plant does not necessarily yield the optimum operating
conditions for the scaled up process, the process is frequently
amenable to further development and a system of routine production

research has been developed for this purpose (Box and Draper, 1969).



In pig production, research workers currently select the channels -~
but who does the fine tuning? This thesis represents an approach
towards the development of fine tuning techniques for use on

commercial pig production units.



SOURCE OF DATA

A. The overall experiment

The experiment was designed to study the influence of feeding
three levels of a low energy, low protein diet and sex on performance
of two breed groups of pigs slaughtered at 68, 91 and 114 kg live-

weight,

B. Housing facilities

The experiment was conducted in the Muttart Barn at the University
of Alberta Livestock Farm. Eighteen pens in the barn were equipped
with plywood divisions which converted pens providing group housing
and feeding into pens giving group housing and individual feeding
faéilities. Each pen measured 1.8 by 3.1 metres deep with a dunging
area occupying 1.7 metres of the pen depth. Each of the individual
feeding stalls was 0.45 metres wide. One water bowl was provided in
each pen and was not acce;sible to the pigs when they were locked in
the individual stalls at feeding time. Straw bedding was renewed

daily.

C. Animals

Two replicates of this experiment were conducted. Each replicate
consisted of 36 pigs (4 blocks of 9 pigs) divided into two breed
groups, two sexes, three levels of feeding and three slaughter weights.
The breed groups were Yorkshire x Lacombe (YL) and Yorkshire x Lacombe-
Yorkshire (YLY), while the two sexes were barrows and gilts. Slaughter
weights were at 68, 91 and 114 kg liveweight.

A block of pigs consisted of 9 weaners of the same sex from the



same breed group énd selection was directed at achieving similar
weights within blocks. The three feeding levels were randomly
allocated to 9 pens on th; north end of the barp. Pigs within a
block were randomly allocated to slaughterweights. Pigs allocated to
feeding levels were thep randomly allocated to pens pPreviously allo-~
cated to that feeding level. The same procedure was followed in
allocating the remaining blocks of the first replicate. In this way
each pen ‘allocated to a particular feeding level contained a barrow
and a gilt from each breed group. The pigs comprising the second
replicate Qere allocated to the remaining péns as pigs became _
available,

Weaner pigs were given ad libitum access to a starter diet until
they exceeded 22.7 kg and then they were transferred to the experi-
mental diet, Pigs in the first replicate commenced éntering the |
experiment on June 25, 1969 and were all on the experiment by July 30,
with over half on experiment by July 9, 1969. In the second replicate,

pigs commenced entering the trial on July 9, 1969, over half were on

trial by July 23 and all were on trial by August 8, 1969,

D. Diet and feeding scales

The diet shown in Table 1 is the low energy diet used in the
experiment reported by Skitsko, Bowland and Elliot (1969). In the
highest level of feeding, pigs were placed in the feeding stalls for
one hour in‘the morning, two hours around noon, and another hour in
the afternoon. Care was taken to see that food was available at all
times while the pigs were in the feeding stalls. The two lower levels

of feeding were based on presenting the pigs with either 4 or 3.5 per



Table 1. Formulation and composition of low energy ‘iet offered at
three levels of feeding.

Ingredient Per cent of diet

Wheat 9.88
Oats 47.5
Wheat bran 32.3
Stabilized tallow o _ 2.0
Soyﬁean meal (44%) | A ' 3.0
Fishmeal (ﬁerring, 72%) 3.0
Meat meal 1.0
Todized salt 0.4
Ground limestone 0.6
Zinc sulphate 0.04
Trace mineral mix | 0.08
Vitamin B-complex mix 0.12
Vitamins A and D +

Aurofac 10 0.08

Calculated composition

Digestible energy 2951 kcal per kg
Protein 15.5 per cent
Lysine 0.77 per cent
Methionine and cystine 0.50 per cent
Calcium 0.60.per cent

Phosphorus ' 0.68 per cent




cent of their liveweight as feed each day. Initially, the lowest
level was 3 per cent but due to poor performance this level was
raised to 3.5 per cent on September 3, 1969. The daily allowances of
feed on each of the feeding scales is shown in Table 2. The daily
allowance was divided equally and offered during a ﬁorning and an

afternoon feeding period, each of one hour duration.

E. Live performance record collection

Pigs were weighed weekly and daily allowances were reviewed after
weighing., Prior to being offéred the revised allowancé, the feed
troughs were cleaned of remaining feed which was weighed enabling
calculation of weekly feed iﬂtakes.‘

Performance records were commenced as soon as the pigs exceeded
22;7 kg liveweight. Liveweight changes and feed intakes were calcq—
lated on a weekly basis until the weigh day when the pigs were nearest
45 kg liveweight. The total feed intakes and average daily gains for
the period of 23 to 45 kg were then calculé;éd. This procedure was
followed for each subsequent incremental period of approximately 23
kg. Individual performance was thus available for all 72 pigs for the |
periods 23 to 45 kg and 45 to 68 kg. At 68 kg 24 pigs were slaughter-
ed so records of performance during the period 68 to 91 kg were
available for 48 pigs. At 91 kg an additional 24 pigs were slaughtered
so that records of performénce for the final period of 91 to 114 kg

were available for 24 pigs.

F. Realized level of feeding

A description of the three feeding levels used in terms of 3.5,



Table 2. Feed scales based on 3.5 and 4% of liveweight,

Daily feed (kg) Daily feed (kg)

Weight of pig (kg) 3.5% 4,0% Weight of pig (kg) 3.5% 4.0%

23.1-24.9 1 0.822  0.95 68.5-70.3 2.45  2.77
25.4-27.2 0.91  1.04 70.7-72.6 2.49 2,86
27.7-29.5 . 1,00  1.13 73.0-74.8 2.58 2,95
29.9-31.8 1.09 1,22 75.3-77.1 2.68  3.04
32.3~34.0 1.18  1.32 77.6~79.4 2,72 3.13
34.5-36.3 .22 1.4 79.8-81.6 2.81  3.22
36.7-38.6 1.32°  1.50 82.1-83.9 2.90 3.31
39.0-40.8 1.41  1.59 84.4-86.2 2.99  3.40
41,3-43.1 1.45  1.68 ' 86.6-88.4 3.08  3.49
43.5-45.4 1.54  1.77 88.9-90.7 3.13  3.58
45.8-47.6 1.63  1.86 91.2-93.0 3.22  3.67
48.1-49.9 1.72  1.95 93.4-95.2 3.31  3.76
50.3-52,2 1.81°  2.04 95.7-97.5 3.36  3.86
52.6~54.4 1.86  2.13 98.0-99.8 3.45  3.95
54.9~56.7 1.95 2,22 100.2-102.1 3.54 4,04
57.1-59.0 2.04  2.31 102.5-104.3 3.63  4.13
59.4-61.2 2.09  2.40 104.8-106.6 3.72  4.22
61.7-63.5 2,18 2.49 107.0-108.9 3.76  4.31
64.0-65.8 2.27  2.58 109.3-111.1 3.86  4.40
66.2-68.0 2.36  2.68 111.6-113.4 3.95  4.49

113.8-115.7 3.99  4.58

Pigs were weighed to the nearest 1b, the figures given here are the
nearest metric equivalents.

Feed was weighed to the nearest 0.1 1b, figures given here are the
nearest metric equivalent.
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4.0 per cent of liveweight and "high"bis adequate for interpretation
of analyses of variance. However, in the response surface approach
the plotting of performance curves derived from a prediction equation .
relating performance to slaughterweight and level of feeding requifes
a numerical description of the various feeding levels, Accordingly,
a method was devéloped for calculating a figure called the "realized
level of feeding" and was applied to the feed and liveweight records
of pigs on all feeding leééls. Weekly feed intakes were divided by

7 to give estimated daily feed intake. The weight of the pig at the
beginning of a week was added to the weight of the pig at the next
weekly weighing and divided by 2 to give an estimate of the mid-week
weight of the pig, Daily feed intake was expressed as a percentage
of the mid-week weight and the resulting figure was called the
realized level of feeding.

The realized levels of feeding over the entire experiment were
found to be 4.2, 3.7 and 3.2 per cent of liveweight corresponding to
the nominal feed levels of high, 4.0 and 3.5 per cent. The feed
levels throughout the thesis will be described in terms of the

realized levels of feeding.

G. Carcass measurements

The pigs were slaughtered as close as possibie to the allocated
slaughterweight. Hot carcass welght was recorded at the packing
plant. The carcasses were chilled overnight and transported from the .
packing plant to the Meats Laboratory at the Edmonton Research Station,
The head, including jowls, was removed at the atlanto~-oceipital joint

and the carcass split using a handsaw. The right sides were placed



on a table and backfat measurements required under the cércass valuat-~
ioq system (Canada Department of Agriculture 1968) were made by staff
of the Livestock Division, Production and Marketing Branch, Canada!
Department of Agriculture. Carcass length measurements and tracings
of the loin eye area and ham face area were made in accordance with
the R.0.P. specifications (Canada Department of Agriculture, 1967).
Left sidéé of the carcasses were dissected into individual muscles,
individual bones, skin, subcutaneous fat, intermuscular fat and
cavity fat using modifications of the procedure of Butterfield and
May (1965). The right sides were processed into boneless retail cuts
and the bones trimmed of tissue to the same tolerances observed on the

left sides.
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EXPERIMENTAL

I. THE DEVELOPMENT AND TESTING OF EQUATIONS FOR PREDICTING TOTAL
MUSCLE CONTENT IN PIG CARCASSES

A. Introduction

Since pigs are produced primarily for their muscle content,
the determination or estimation of total muscle content gives an
important parameter for the interpretaticq of market pig production
research, .

An objective of this wgrk was to develop equations for predicting
éotal carcass muscle content of pig‘carcasses based on measurements
routinely made under Canadﬁ's new hog carcass valuation system
(Canada Department of Agriculture 1968). Increasingly expensive
independent variables (predictors) such as ca&ity fat, ham face
tracings and individual muscle weights were added to valuation system
measurements,

The use of prediction equations on test carcasses not included-
in developing the equations could lead to a redﬁction in predictive
accuracy as the regression coefficients are moulded to minimize the
sums of squares of differences between observed and estimated values
in the original data. While many equations have been developed for
predicting carcass muscle content (see for example, McMeekan, 1941;
Bowman, Whatley and Walters, 1962; Buck, Harrington and Johnson, 1962;
Holme, Coey and Robinson, 1963; Joblin, 1966; Cuthbertson and Pease,
1968), there have been few reports of results of testing prediction
equations (Harrington, 1962; Adam and Smith, 1964, 1966). Accordingly,
a further objective of this study was to examine what changes took

place when prediction equations were used on test data and to relate
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these changes to a statistically estimated loss of accuracy
(Darlington, 1968). Finally, the estimated vaiues for muscle content
in test data were subjected to analyses of variance and the treatment
means and significance levels indicated were compared with analyses

of the actual data,

B. Statiséical analyses

For the purposes of this study the overall experiment was treated
as consisting of two experiments; one experiment being cénsidered to
be the YL breed gfoup and the other to be the YLY breed group.

There were three stages in the statistical dnalyses of the data.

(1) 1In the first stage equations for estimating total left side
muscle weight were developéd from the combined as well as the separate
breed group data.. A basic equation was developed using the valuation
measurements of hot carcass weight and total backfat depth as the
predictors. Subsequent equations contained these basic predictors in
association with increasingly expensive predictors (Table 3).

Two statistics were computed to assesé the predictive accuracy of
the equations; the squaréd coefficient of multiple correlation (RZ)
between obsefved and estimated values of total left side muscle and

the standard error of estimate (SE) as follows:

SE = [sum of squares of differences between observed and estimated
V/values '
N - 1 - n
where
N = number of observations

n number of predictors
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Initially, it was proposed toiuse the method outlined in
Guilford (1965) to adjust both Rz and SE to give an estimate of the
predictive accuracy of the population regression equations based on
the sample regression equations. However, Darlington (1968) pointed
out that a more appropriate procedure is to adjust the R2 and SE
determined in the samples to estimate the accuracy of the regression
equations in other samples of the population. Accordingly, an
algebraic rearrangement by Darlington (i968) of a factor proposed by
Stein (1960) was used in the formulas outlined in Guilford (1965) to
give an estimate of the validity of a sample regression equation when

used on another sample. The adjustments were made as follows:

2
adjusted

1-(-28) ¢ N-2 . ©N+1
. ( N-n-2 N-n-1

N

E . = SE N -2 ' . N+1
adjusted \/ 2 N -1 ~ 2 N -1 -1 ;

(2) 1In the second stage of thé analysis the prediction equations
were used on test carcasses'so that the predictive accuracy under these
conditions could be compared with the statistical estimate of the
expected reduction in accuracy. The YL equatiops were tested on the
YLY group of carcasses and v.ce versa; a technique known as double
cross-validation (Kelly, Beggs and McNeil, 1969). The prediction
equations developed from thé combined breed groups were used to
estimate total muscle content within each breed group of carcasses to
enable comparisons with cross-validation results. In each test the
correlation between observed and predicted values was obtained. The
standard'deviation (s) of the differences between observed and

estimated values was determined as follows:
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s ==\//sum of squares of differences between observed and estimated
values

N - 1

(3) In the third stage of the analysis the estimates of carcass
muscle content given by the various equatioﬁs were subjected ﬁé
analysis of variance. That is, the combined breed group equations
were used to estimate total muscle in the YL and YLY breed groups
separately; YL equations were used oh YL and YLY breed groups; and
YLY equations were used on YLY and YL breed groups. All factors were
considered fixed in the analysis of variance. The treatment means
and significance attributed to treatment effects defiVed from analysis
of variance of the various estimates of muscle content were compared

with analyses of variance of the actual data for the two breed groups.

C. Results and Discussion

Means, standard deviations and coefficients of variation of the
carcass characteristics are shown in Table 4. The characteristics
were highly variable with coefficients of variation for total muscle,
muscle weight, hot carcass weight and total backfat ranging from 17.0
to 23.1 per cent. Area tracings were least variable while the highest
coefficients of variation were in cavity fat weights.

Simple correlation coefficients between predictors and total
left side muscle weight are shown in Table 5. Fat measures were
positively correlated with total muscle. Measures of fat character-—
istics were not as highly correlated with total muscle as were measﬁres
of muscle characteristics and hot carcass weight. Correlations found

in the combined breed groups were similar in value to those found in
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Table 5. Simple correlation coefficients between predictors
and total left side muscle weight in 36 Yorkshire x Lacombe
(YL) carcasses, 36 Yorkshire x Lacombe - Yorkshire

(YLY) carcasses, and the two breed groups combined.

Breed Group YL YLY Combined
Predictor

Hot carcass weight 0.9513 0.9513 0.9392
Total backfat 0.5851 0.5851 0.5602
Cavity fat 0.7493 0.7493 0.7282
Loin eye area 0.8362 0.8362 0.8328
Ham muscle area 0.8632 0.8632 0.8317
M. gracilis 0.9140 0.9140 0.9175
Distal hind muscles 0.9378 0.9378 0.9361

Three large hind muscles 0.9748 0.9748 0.9674
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the separate breed groups.

(1) Development and cross-validation of prediction equations

The regression equations fpr estimating total left side muscle
weight (kg) are shown in Table 6.

Squared coefficients of multiple correlation, adjusted R2 and
cross-validated R2 are shown in Table 7(a). Tgble 7 (b) shows the
standard errors of estimate, adjusted SE and the standard deviation
of differences when equations were cross-validated.

The R2 values generally increased and the SE's decreased as the
probable cost of the predictors increased. Highest R2 values and
lowest SE's were obtained when the three large muscles constituting
over 13 per cent of the left side muscle weight were included.

Equations derived from the YL breed group yielded slightly lower
R2 values when used on the YLY carcasses than those obtained by using
the YLY equations. The YL breed group equations gave higher standard
deviations of differences between actual‘and estimated muscle weight
when used on the YLY carcasses than the SE obtained by using the YLY
equations. A slight reduction in R2 and a slightly elevated standard
deviation of differences relative to the SE was also found when YLY
equations were cross-validated on the YL breed group. However, when
YL equations were cross-validated on the YLY carcasses which had a
slightly higher standard deviation in muscle weight, there were
cases where the R2 values were slightly higher than thoée obtained
when the Yi equations were used on the YL carcasses. In this validat-
ion, all equations, with the exception of number 3, gave slightly

higher standard deviations of differences between actual and estimated
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muscle weight than the SE obtained when the YL equations were used

on the YL carcasses. Conversely, when the YLY equations were tested
on the YL population with'a slightly lower standard deviation in

total muscle weight, there were consistent but slight deéreases in

the values of R2 relative to those obtained when the YLY equations
were used on YLY carcasses. Along with these changes in R2, there
were consistent increases in the standard deviation of differences
between actual and estimated muscle weight relative to the SE's obtain-
ed when the YLY equations were used on YLY carcasses.

When combined breed group equations were tested on the individual
breed groups, the YLY carcasses again gave slightly elevated R2 values
while the YL carcasses produced slight reductions in the values of R2.
Use of the combined breed.group equations on the separate breed groups
resulted in a decrease in the standard deviation of differences be-
tween observed and predicted values in the YLf breed group relative to
the SE of the overall equations, while there was an increase in the YL
breed group.

Darlington (1968) pointed out that an extremely important property
of the formulas for validating sample regression equations is that the
estimate for validity is low when the number of predictors is large in
relation to the number of observétions in the sample from which the
equation was derived. 1In this study R2 sometimes increased slightly
when validated and where R2 decreased the reduction was not related to
the number of predictors. The adjusted values for the SE more
accurately estimated the cross-validated statistics than did the
unadjusted statistics in 15 of the test cases while the unadjusted

statistics more accurately estimated the validated statistics in the
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remaining 13 test situations.

(i) Analyses of variance of predicted vs. actual total left side
muscle

(a) Combined breed group equations

Treatment means of effects of feed level, slaughter weight and
sex on actual and estimated left side muscle weight in the YL and
YLY breed groups aré shown in Table 8.

: When the actual data for the YL breed group was subjected to
analysis of variance, there was no significant effect of feed level on
left side muscle weight. The effect of slaughter weight on left side
muscle weight was significant (P {0.005) and there was a significant
effect of sex on muscle weight (P {0.05). In the YLY breed group the
effect of feed level was significant (P (0.0S), and the effects of
slaughter weight and sex were significant (P(0.00S).

The absence of a feed level effect in the YL breed group using
equations 4, 5 and 7 agreed with analyses of the actual data. Use of
the other equations for estimating muscle weight indicated an effect
of feed level significant at either the 0.05 or 0.01 level. There was
agreement with the actual data analyses in indicating a significant
(P {0.05) effect of sex on the YL breed group when equations 2, 3, 6
and 7 were used.

Use of equations 3, 6 and 7 agreed with the analyses of actual
data by indicating the presence of a feed level effect (P <0.05) .on'
muscle weight in the YLY breed group. The 0.005 level of significance
attributed to the sex effect in the YLY breed group was also indicated
at this level when equations 2, 3 and 4 were used; the remaining

equations attributing different significance levels to the sex effect.
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It was no surprise to find that in both separate breed groups,
the combined breed groups prediction equations estimated a significant
(p <0 005) effect of slaughter weight on left side muscle weight
agreeing with the lapge effect detected in analysis of the original

data.
(b) Separate breed group equations

Treatment means of effects of feed level, slaughter weight and
Sex on actual and estimated left side muscle weight in the YL and YLY
breed groups are shown in Table 9.

The YLY breed group equations used on that breed gave results in
equations 1, 2, 3, 6 and 7 similar to analysis of the actual data,
except that equation 6 attributed a higher level of significance to
feed level (P (0.0l as opposed to P {0.05). The significant effect
attributed to sex was detected by all equations in the YLY breed group,
but equations 5 (P {0.05) and 1 (P {0.01) underestimafed the level of
significance found in the actual data (P (0.005).

The YL breed group equations used on that breed group gave results
attributing a significant effect on muscle weight due to feed level in
equations 1, 2 and 3 while analysis of the actual data indicated no
effect of feed level. Equations 1, 3 and 5 failed to attribute signi-
ficance to the effect of sex on muscle weight while the effect wasg
significant in analysis of the actual data.

Again, the large effect of slaughter weight on left side muscle

weight was detected using the prediction equations.
(c) Cross-validation estimations

Treatment means of effects of feed level, slaughter weilght and
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sex on actual and estimated left side muscle weight in the YL and
YLY breed groups are shown in Table 10,

When YLY equations were used to estimate muscle weight in YL
carcasses, significant effects of feed level (P {0.05, 0.0l and 0.005)
were indicated while analysis of the actual data did not attribute any
significant effect of feed level on muscle weight. A significant
(P <0.05) effect of sex in t@e actual data was not indicated in the
estimates made by equations 1, 3 and 5 and was attributed with a higher
level of significance by equation 4 (P {0.005).

~ When YL equations were used to estimate muscle weight in YLY
carcasses, significant effects of feed level were detected only by
equation 6. Muscle weight estimates provided by equation 5 failed to
attribute an effect on muscle weight to sex while other equations
indicated a lower level of significance (1, 2, 4, 6 and 7) or the
same (3) level as was found in analysis of the actual data.

Once again, the large effect of slaughter weight on left side
muscle weight was detected using the prediction equations.

The trend for gilts to have more mﬁscle than barrows was reflect-~
ed by all predication equations in the cross-validation procedure.

Comparison of the results of significance levels attributed to
treatment effects by use of estimated data and actual data is but one
way of assessing the.usefulness of prediction equations. Another way
is to determine the percentage of estimated treatment means falling
within + one standard error of the treatment means calculated from the
analysis of variance of the actual data. Tables 5, 6 and 7 have the
treatment means * one standari error of the mean oBtained from

analysis of variance of the actual data. When the combined breed group
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equations were used to estimate the composition of the YL and YLY
breed groups separately, 73 per cent of the estimated treatment means
fell within the range of + one standard error of‘the treatment means
of the actual data, Use of pPrediction equations within the breed
group from which they were derived was more accurate in reflecting
treatment effects since 93 per cent of the estimated treatment means
fell within the range of + one standard error of the actual treatment
means. However, in cross validation the percentage dropped to 47.

Clark, Dudzinski, Butterfield and Bennett (1964) updated an
equation based on 24 beef carcasses by adding the results of dissect-
ion of 3 beef carcasses from an experiment so that the composition of
remaining carcasses from the experiment could be estimated by the up-
dated equation. The resulting estimated values were subjected to
analysis of variance. The use of a combined breed group equation on
the separate breed groups in this study can be regarded as the ultimate
in updating since all carcasses of the breed group on which the com-
bined equation was used contributed to the equation in addition to the
members of the other breed group. Viewing updating in this way it
can be seen that inclusion of carcasses other than those from the
group on which the equation was used resulted in a reduction of the
number of estimated treatment means falling within + one standard
error of the treatment means in the actual data (93 per cent down to
73 per cent),

'Harrington (1962) found that the use of a prediction equation on
carcasses from which the equation was derived underestimated.the
actual treatment differences while the differences were overestimated

when an equation was used on test data, 1In the current study there
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was overestimation and underestimation of significance levels of
treatment effects when equations were used on the breed groups from
which they were developed, Alse, there was no consistent overestimat-
ion of significance levels when equations were used on test data since
there was overestimation, underestimation or agreement with signifi-
cance levels derived from aealysis of the actual data,

This study has demonstrated that there are difficulties in fore-
casting the validity of prediction equations. The formulas for
estimating the validity of an equation when used in another sample
assume that there will be a reduction in accuracy of prediction while
it was found in this study that a prediction equation can have a
sligﬁtly higher R2 Qhen used on test data than was obtained when the
equation was used on the carcasses from which it was derived.

The adjusted values of R2 and SE gave no more precision in
estimating the change which would occur when the equations were used
on test data than did the unadjusted values for R2 and SE. However,
there is a difficulty in compafing the SE's and the standard deviation
of differences found in test runs. The SE is derived from the sums of
squares of differences between observed and predicted values divided
| by N - 1 - the number of predictors. When an equation is tested the
sums of squaree of differences is divided by N - 1 and the square
root taken to give the standard deviation of differences. Hence, the
SE on original data and the standard deviation of differences found on
test are not quite comparable statistics. While the effect of the
difference in divisors between the SE and standard deviation of
differences may be unimportant in large samples, it does have import-

ance in this study where test groups consisted of only 36 carcasses.
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In experiments where the establishment of significance of treat-
ment effects is considered of importance the use of a prediction
equation in lieu of dissection could lead to the representation of
misleading significance levels or could incorrectly indicate an
absence of treatment'effects. lIn this context, the advice of
McMeekan (1941) is worth repeating -

"Any application of the regression functions developed in respect
to both sample joints and measurements, to pigs other than the strain
from which these have been derived requires considerable caution".

It is an objective of the two subsequent chapters of this thesis
to explore, to some extent, the degree of caution required in applying
regression functions in material other than that from which they were

derived.
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II. THE APPLICATION OF PREDICTION EQUATIONS IN STUDYING THE INFLUENCE
OF FEEDING THREE LEVELS OF A LOW ENERGY, LOW PROTEIN DIET ON
CONVENTIONAL MEASURES OF PERFORMANCE OF BARROWS AND GILTS FROM
TWO BREED GROUPS OF PIGS SLAUGHTERED AT 68, 91 AND 114 KG

A. Introduction

Results of pig production experiments are commonly reported in
tabular form listing the effects of treatments on such variables as
daily liveweight gain, feed conversion ratios, carcass grades (where
applicable) and indices of and actual composition. Less commonly
reports include prediction equations expressing the relationship be-
tween inputs and outputs in pig production experiments (for recent
examples see Holder, Wilson and Williams, 1969; and Dent, English and
Raeburn, 1970). The need for sﬁch relationships has been stressed by
Lucas (1964) who concluded:

"the major impact upon practice where specific recommendations
can rarely be given..... is likely to be by economists searching for
feeding systems giving maximum financial returns. For such work
quantitative data on input-output relationships are needed to allow
rapid assessment of a changing economic situation by the use of
computers",

The objectives of this section were to examine conventional
measures of performance using analysis of variance and responsé sur-
face techniques. Prediction equations were developed giving general
relationships between time to slaughter, grade index and feed consump-
tion with inputs of feed level offered and liveweight at slaughter,

In addition, a.suggestion by Harrington (1963) that indices of
carcass composition be examined instead of analysing estimates of

carcass composition was explored. Results obtained by examining
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indices were compared with those obtained using actual dissection

results and estimates of carcass composition predicted by two techni-

ques developed in section I.
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B. Statistical analyses

(1) Variables used

Actual carcass components (mﬁscle and fat) were calculated by
multiplying the weight of each component obtainedvfrom left side
dissection by two. In the case of bone, total carcass bone was
derived by adding left side bone weight to right side bone weight.

Estimated values for muscle were obtained by two procedures. One
of the better prediction techniques determined in section I was the
use of the separate breeds prediction equation number 7 on the separate
breed groups. This technique was used to estiméte left side muscle
weight and that weight was.multiplied by two to yield estimated total
carcass muscle weight, These estimates were used in analysis of
Qariance and compared with analysis of the actual left side muscle
weight multiplied by two. 'The same procedure was followed using one
of the less reliable prediction techniques; that of using the YL
equation number 1 on the YLY breed group and vice versa.

Carcass comﬁonent weight gains were obtained by subtracting final
minus estimated initial component weight. Initial components were
gstimated by using prediction equations developed from dissections of
17 pigs slaughtered between 23 and 32 kg liveweight (Richmond and
Berg, 1971). Description of these 17 pigs and the regreséion equations
for estimating total muscle and fat from liveweight measurements are in
Table 11, The skin was included with the fat tissue in the dissections
of the weaner pigs. Consequently, fat gain was estimated from total

fat weight at slaughter less estimated initial weight of fat plus skin.

(ii) Methods of analysis
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Table 11. Description of 17 pigs used to develop equations for
estimating composition of pigs when placed on trial together with

the equations for estimating total carcass muscle and fat,

Variable Mean - Minimum Maximum
Live weight (kg) 26.8 2.74 22.7 32.2
Left side muscle weight x 2 (kg) 9.32 1.103 7.31 12,16
Left side fat weight x 2 (kg) 4,16 0.906 2.63 5.85 .
Prediction equations: R2 R2 SE SE*
adj. adj.

Total muscle = 0,1749 + 0.3419 (liveweight) 0.724  0.645 0.60 0.80

Total fat = -3,8340 + 0.2989 (liveweight) 0.819 0,767 0.40 0,53

* Adjusted using the method outlined on page 13,
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The variables were analysed by analyses of variance and by

response surface techniques.
(a) Analysis of variance

All factors were considered fixed and treatment means were

separated using Duncan's new multiple range test (Duncan, 1955).
(b) Response surface approach
There were three stages in the response surface approach.

(1) 1In order to determine appropriate regression coefficients,
the variable of interest was entered as the dependent vgriable in a
multiple regression analysis with the independent variables being
(level of feeding), (slaughterweight), (level of feeding)z, (slaughter-

weight)2 and (level of feeding x slaughterweight).

(2) For those variables with R2 values exceeding 70 per cent,
the method outlined by Dillon (1968) was used to solve for slaughter—
weight in terms of feed level at constant, specified values of the
dependent variable. Details of steps not fully described in Dillon
(1968) have been provided by Weingardt (1971, personal commﬁnication)

and are given in the appendix.

(3) These equations were used to generate contours of constant,
specified values of the dependent variable; This was done by joining
100 solved points over the range of feeding levels using the "Calcomp"
plotter at the computing centre of the University of Alberta.

While not always plotted, there were three types of contour
diagrams for the dependent variable. These were for the overall data,

within breeds ond within sexes.
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C. Results and Discussion
(1) Analyses of variance of live performance characteristics
(2) Realized level of feeding

Treatment means of realized feeding level by nominal feeding
level, slaughter weight, breed and éex are shown in Table 12. The
realized feeding level decreased as the nominal feeding level decreas-
ed but the differences became less clear cut as liveweight increased
and were not significant during the final period. The number of pigs
per feeding level during the final period was 8 and this may have
contrjputed to the lack of significance. Taken over the whole experi-
ment the level of feeding realized by pigs slaughtered at 114 kg was
iGSS than that of those killed at 68 kg (P{( 0.05). As liveweight
incregsed there was a trend towards feduced realized level of feeding
within the nominal feeding 1§vels of high and 4.0 per cent.

The realized level of feeding achieved by the YL breed group was
significantly higher than that of the YLY pigs during the whole
experiment and in the first three periods considered separately
(P{0.01 or P{0.05). This trend was still apparent in Fhe final
period although it was non-significant,

Barrows tended to consume more feed daily than gilts but this
was not significant in the initial or final period.

Interactions among main effects on realized feeding levels are
showyn in Table 13, During the initial period it appeared that there‘
was no difference in realized feeding level between sexes in the YLY
breed group while in the YL breed group barrows achieved a higher

level of feeding than gilts.
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Table 13. Interactions among main effects on realized

feeding levels.

(a) Interaction (P{0.01) of sex and breed group on realized
level of feeding from initial to 45 kg liveweight.
Sex

Breed B G
Group

YL 4.02 3.64

YLY 3.77 3.74

(b) Interaction (P{0.01) of level of feeding and sex on realized
level of feeding between 45 and 68 kg liveweight.

Nominal feed level

Sex H 4.0 3.5
B 4.42 3.76 3.38
G 4,03 3.67 3.35

(c) Interaction (P{0.05) of breed and level of feeding on realized
level of feeding between 45 and 68 kg liveweight.

Nominal feed level

Breed H 4.0 3.5
Group

YL 4.35 3.77 3.38

YLY 4.11 3.66 3.35

(d) Interaction (P(0.005) of level of feeding and slaughter weight on
realized level of feeding from initial to slaughter weight.

Nominal feed level

Slaughter H 4.0 3.5
weight
68 4,50 3.68 3.16
91 4.14 3.72 3.21

114 4.07 3.59 3.23
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The interaction between nominal feeding level and sex on realized
level of feeding beﬁween 45 and 68 kg liveweight supports findings by
Bell (1963) and Plank and Berg (1963) that barrows have a tendency to
consume more feed each day than gilts if given the opportunity as was
the case on the nominal high feeding level in this experiment .:': 7
(Table 13b). |

A breed difference in realized level of feeding in the 45 to 68
kg period decreased as the level of feeding decreased (Table 13c).

Taken over the whole experiment there was a trend for realized
level of feeding to decrease on the nominal high level but the opposite
trend appeared on the nominal 3.5 per cent level (Table 13d). The low
realized feeding level up to the 68 kg slaughter weight on the 3.5 per
cent level was probably mainly the result of the initial 3.0 per cent
nominal feeding level offered during the early part of the experiment,

Dillon (1968) pointed out that where feed level is a factor in a
response surface investigation it is advisable to have an ad libitum
Yfevel and other levels spaced below this. Bowland (1962) noted that
the use of two one hour feeding periods per day probably resulted in
restriction of feed intake as compared to ad libitum feeding from self
feeders. In an effort to more closely apéroach ad libitum feeding
while still retaining individual feed intake data an extra feeding
period of two hours around noon was included in the experimental
design.

Some factors affecting voluntary feed intake in pigs were examin-
ed by Cole, Duckworth and Holmes (1967) using diets ranging from
2,970 to 3,910 kcal of digestible energy per kg over a liveweight

range of 38 to 105 kg. They found that voluntary intake of digestible
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energy by pigs could be related to liveweight by the equation:

v = 575 x 0+675 (£ 0.048)

where Y = daily intake of digestible energy (kcal) and X = liveweight
(kg).

The mean daily intake of pigs on the current experiment was“
~estimated for the four liveweight periods. This was done by multi-
plying the méan realized level of feeding within each period by the
. approximate midpoints of each liveweight period; i.e. 34, 56, 79 and
102 kg. Expressed as digestible energy it was found that as liveweight
increased the intakes of pigs on the nominal high level of feeding
more closely approached the intakes achiévea by the barrows in the
experiment of Cole, Duckworth and Holmes (1967), being 73.8, 80.3,
8L.7 and 79.1 per cent of the intake achieved by their barrows for the
succe;sive liveweight periods. When similar comparisons were made
using mean intakes for barrows obtained from the sex by energy inter-
action, the barrows in this experiment achieved slightly higher in-
takes of 74.8, 84.0, 86.0 and 83.3 per cent in the respective periods.

Hence, even with four hours of access to feed each day the pigs
in the current experiment only achieved about 80 per cent of ad
libitum digestible energy intake using as a reference the relationship
established by Cole, Duckworth and Holmes (1967). It is suggested
that lack of access to water while being offered dry feed in individ-
ual feeding stalls could have been an important factor in restricting

feed intake in the current experiment.
(b) Daily liveweight gains

Means of daily liveweight gains by feed level, slaughter weight,
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breed and sex are shown in Table 14, Differences in daily gains
closely followed the pattern Af differences in realized feeding level
described in the previous section. Taken over the whole experiment
‘daily gains increased as slaughter weight increased (P 0.05).

Although YL pigs tended to attain a significantly higher level
of feeding than the YLY pigs in most periods, the YL pigs out-gained
the YLY pigs significantly (P<0.05) only during the period of 45 to
68 kg. Again, while barrows tended to achieve a higher level of
feeding than gilts and this was significant in three periods, gilts
tended to outgain barrows although the differences did not reach
significance.

Interactions among main effects on daily liveweight gains are
shown in Table 15. During the initial period a trend for YL pigs to
grow faster than YLY pigs on the 4.2 and 3.7 pér cent feeding levels
was reversed on the 3.2 per cent feeding level (Table 15a). ‘A
similar interaction occurred in the 45 to 68 kg liveweight period
(Table 15b) and this closely follows the interaction of the same
factors on realized feeding level described earlier (Table 13c). For
the overall period the trend persisted (Table 15c).

During the period between 45 and 68 kg liveweight, barrows of
the YLY breed group tended to outgain gilts of that breed but this
sex effect did not occur in the YL breed group (Table 15d). While
there appeared té be little sex effect on daily liveweight gain on
the 4.2 and 3.7 per cent feeding levels, the barrows on the 3.2 per
cent level gained more slowly than the gilts (Table 15e).

Daily liveweight gains are important as they éive an

indication of the time required to reach slaughter weight. Figure 1
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Table 15, Interactions among main effects

on daily liveweight gains.

(a) Interaction (P<0.05) of breed group and level of feeding on
liveweight gain per day from initial to 45 kg liveweight.
Feed level

Breed 4,2 3.7 3.2
Group

YL 0.54 0.42 0.25

YLY 0.50 0.40 0.29

(b) Interaction (P<0.005) of breed group and level of feeding on
liveweight gain per day between 45 and 68 kg liveweight.
Feed level

Breed 4.2 3.7 3.2
Group

YL 0.75 0.70 0.51

YLY 0.67 0.61 0.55

(c) Interaction (P<0.005) of breed group and level of feeding on
liveweight gain per day between initial and slaughter weight.
Feed level

Breed 4,2 3.7 3.2
Group

YL 0.66 0.58 0.40

YLY 0.61 0.53 0.44

(d) Interaction (P{0.05) of breed group and sex on liveweight gain

per day between 45 and 68 kg liveweight.

Sex
Breed B G
Group
YL 0.62 0.62
YLY 0.69 0.60

————— e

(e) Interaction (P{0.005) of sex and level of feeding on liveweight
gain per day between 45 and 68 kg liveweight.
Feed level
Sex 4.2 3.7 3.2
B 0.71 0.67 0.1'09
G 0.71 0.64 0.57
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shows the isoquants for days on trial. The regression equations on
which the isoquants are based are given in the Appendix table 1.

Considering the overall experiment isoquants in figure 1 (a)
it can be seen that as the level of feeding increases fewer days are
required for pigs to reach a given slaughter weight.

Figure 1 (b) suggests that there are differences between breed
groups in their response to changes in feed level and slaughter weight.
However, there was no significant three way interaction between
slaughter weight, feed level and breed group in the analysis of
variance. The isoquants in 1 (c) indicate that in a given number of
days gilts will achieve a higher weight than barrows thus illustrating

the sex effects on daily gains noted in Table 14.
(c) TFeed conversion ratios

Means for feed consumed per kg liveweight gain are shown in
Table 16. The feed consumed per kg liveweight gain did not differ
between the 4.2 and 3.7 per cent feeding levels during any period, but
in the first period and from initial to slaughter the 3.2 per cent fed
pigs were lessbefficient than those fed at higher levels (P<0.01).
The significant reduction in feed efficiency observed in lowering the
feed level to 3.2 per cent in the first period together with a non-
significant reversal of this effect in the final period tends to
support the finding of Blair, Dent, English and Raeburn (1969) that
reduced feed intake decreased feed efficiency in pigs between 22 and
45 kg while the reverse trend occurred in heavier pigs.

Taken over the whole experiment feed conversion to liveweight

gain became less efficient as slaughter weight increased (r¢ 0.05).
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This result is in agreement with work conducted by O'Grady (1966)
who found that as slaughter weight increased from 81 through 88 to
95 kg, overall feed efficiency declined. |

The trend for barrows to require more feed per unit liveweight
gain was significant from initial to slaughter weight and for the
first two periods when all 72 pigs contributed to the means (P ¢ 0.05).
Superior conversion in gilts has been reported by Charette (1961),
Lucas, Livingstone and McDonald (1962) and Bell (1963) but was not
found in other studies (0'Grady, 1966; Holme and Coey, 1967). The
lack of agreement in this area could be due to breed or differences
in the level of feeding used.

Interactions among main effects on feed conversion ratios are
shown in Table 17. In the period of 45 to 68 kg liveweight and from
initial to slaughter weight barrows from the YL breed group were less
efficient than the gilts but the same différence was not observed in
the YLY breed group (Table 17 a, b).

In the period of 45 to 68 kg liveweight and from initial to
slaughter weight pigs from the YL breed group tended to be more
efficient than those from the YLY breed group on the 4.2 and 3.7 per
cent feed levels while YL pigs were less efficient on the 3.2 per cent
feeding level. This interaction is closely related to the interaction
of breed group and level of feeding on liveweight gain for the same
two periods (Table 15 b, c) where a trend for the YL pigs to grow
faster than the YLY pigs on the 4.2 and 3.7 per cent feeding levels
was reversed on the 3.2 per cent level.

The two factors used to derive feed conversion ratios 4re the

weight of feed consumed and the liveweight gained. The regression
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Table 17. Interactions among main effects on feed

conversion ratios.

(a) Interaction (P¢0.005) of sex and breed on feed conversion

ratio between 45 and 68 kg liveweight,

Sex
Breed B G
group
YL 3.68 3.09
YLY 3.42 3.48
(b) Interaction (P{0.03) of sex and breed on feed conversion

ratio between initial and slaughter weight.
Sex

Breed B G
Group

YL 3.91 3.41

YLY 3.65 3.61

(c) Interaction (P€0.01) of breed group and level of feeding on feed
conversion ratio between 45 and 68 kg liveweight.
Feed level

Breed 4.2 3.7 3.2
Group

YL - 3.27 3.04 3.86

YLY 3.52 3.40 3.43

+ . (d) Interactlon (P€0.005) of breed group and level of feeding on feed

conversion ratio between initial and slaughter weight.

Feed level

Breed 4.2 3.7 3.2
Group

YL 3.52 3.39 4,07

YLY 3.61 3.58 3.69
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equations giving the quantitative relationshipé between feed consumed,
welght gained and feeding level and slaughter weight are given in
Appendix table 1. The R2 values for these relationships were 0.896
and 0.995 for feed consumed and weight gained respectively.

(ii) Analyses of variance and response surface studies of carcass
characteristics

(a) Carcass composition and grade index

Means of main effects on carcass composition characteristics
and grade index are shown in Table 18.

There was a trend for total muscle weight to increase as the
level of feeding decreased and pigs fed at the 3.2 per cent level
contained more muscle than those fed the higher levels (P(0.0l).
Total fat weight tended to decrease as level of feeding deéreased and
pigs fed at the 4.2 per cent level contained more fat than those fed
at the 3.2 per cent level (P {0.01). Similar results applied in the
weights of muscle and fat gained during the experiment. Tribble
et al (1956) and Holder, Wilson and Williams (1969) reported that
feed restriction increased carcass muscle content. In a literature
review, Vanschoubroek, de Wilde and Lampo (1967) concluded that while
restriction reduced linear fat measurements, the decreases in thickness
of backfat became relatively smaller as restriction became more in-
tense. O0'Grady (1966) reported that in one of two experiments, in-
creasing the level of feeding by 15 per cent above that of a control
which steadily decreased from 4.6 per cent of liveweight at 23 kg to
2.9 per cent of liveweight at 100 kg, resuited in carcasses having

increased linear measures of carcass fatness. However, in a second
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experimept using the same two feeding levels, increased feeding level
had no effect on carcass composition.

As expected, muscle and fat gained per day consistently and
significantly decreased (P {0.01) as the level of feeding decreased.
The daily gains of muscle are very similar to those obtained on 4
levels of restricted feeding over the same liveweight ranges by
Blair, Dent, English and Raeburn (1969).

The weight of feed consumed per unit muscle gained was not
affected by feeding level. However, in each of the liveweight ranges
of 23 kg to 45, 68 and 91 kg, Blair, Dent, English and Raeburn (1969)
found a significant increase in the weight of feed consumed per unit
weight of muscle gained as the level of feeding increased but the
same trend was not significant in the range of 23 to 114 kg.

Grade index was not significantly altered by level of feeding
although total muscle content of the 3.2 per cent fed pigs was higher
than from pigs fed at the higher levels.

As expected, weights of tissues and tissue weights gained from
initial weight to slaughter increased as slaughter weight increased.
Weight of fat gained per day consistently and significantly (P 0.01)
increased as slaughter weight increased and this trend was also pre~
sent in calculations done on the data presented by Brooks et al (1964).
However, the trend for increasing rate of fat deposition with increas-
ing slaughter weight was not present in calculations done on data pre-
sented by 0'Grady (1966) and Stant et al (1968).

The weight of muscle gained per day to 114 kg was not significant-
ly different to that gained per day to 91 kg. Calculations made on

the data in the report by 0'Grady (1966) indicated that muscle gained
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per day from 23 kg to slaughter was little affected by increasing the
slaughter weight from 81 through to 102 kg. On the restricted feeding
schedules used by‘Blair, Dent, English and Raeburn (1969) daily gain
in lean tended to increase as slaughter weight increased to 45, 68, 91
and 114 kg. Recalculations of the data of Stant et al (1968) indicat-
ed a trend for decreasing lean gain per day as slaughter weight in-~-
creased from 45 to 68 to 91 kg and calculations done on the data pub-
lished by Brooks et al (1964) suggested that in their study the daily
gains in lean had peaked between 68 and 91 kg liveweight,

The weight of feed consumed per unit weight of muscle gained
tended to increase as slaughter weight increased with pigs slaughtered
at 114 kg requiring significantly (P {0.01) more feed per unit muscle
gained than those killed at lower weights. Similar trends towards in-
creased consumption of feed per unit weight of muscle gained were
reported by Blair, Dent, English and Raeburn (1969) and were evident
in calculations done on data presented by Brooks et al (1964) and
0'Grady (1966).

Pigs killed at 91 kg had significantly (P ¢ 0.01) higher grades
than those killed at lower and higher weights, The grading system
schedule (Appendix table 2) is arranged to encourage production of
pigs having carcass weights between 57 and 82 kg. Because of this,
all carcasses from pigs slaughtered at 68 kg liveweight were assessed
at an index of 87 regardless of backfat depth. Of the 24 pigs allo-
cated to the slaughter weight of 114 kg, 11 and 12 could not be
assessed at more than an index of 91 and 85 respectively. On the
other hand, pigs from the slaughter weight group of 91 kg could score

a minimum index of 88 provided there were no demerits., Because all
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Pigs slaughtered at 68 kg were assessed at an index of 87, pigs from
that weight group were excluded from the data used to calculate the
regression equations relating grade index to feeding level and
slaughter weight given in Appendix table 1,

Pigs from the YL breed group contained less muscle and gained
less muscle than YLY pigs (P £0.01) and also had less bone (P{0.05).
The YL breed group pigs required more feed per unit weight of muscle
gained than did YLY breed group pigs (P {0.05). While there were
breed effects on muscle weight there was no significant effect of
breed on grade index although there was a trend for YLY to have
slightly higher indices than carcasses from the YL breed group.

Barrows contained less and gained less muscle (P 0.01) than
gilts and contained more and gained more fat (P (0.01) than gilts.

The greater rate of muscle deposition in the gilts (P 0.01) agrees
with trends found by Blair, Dent, English and Raeburn (1969) as does
the requirement by gilts of less féed per unit weight of muscle gained
(P <0.01). Despite the sex difference in muscle and fat content there
was no significant effect of sex on grade index although there was a
trend for gilts to have a higher index than barrows.

Interactions among main effects on carcass composition character-
istics are shown in Table 19. A trend for continued increase in
muscle gained per day on the 3,2 per cent feeding level as slaughter
weight increased was not present on the higher feeding levels
(Table 19 a), The continued increase in muscle gained per day on the
3.2 per cent feeding level as opposed to the relative constancy on the
4.2 per cent feeding level may possibly be related to the maintenance

by 3.2 per cent fed pigs of a constant level of feeding as slaughter
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Table 19. 1Interactions among main effects on carcass

composition characteristics.

(a) Interaction (P (0.05) of slaughter weight and level of feed-
ing on muscle gained per day. ’
Slaughter weight
Feed 68 91 114
level :
4,2 0.207 0.215 0.204
3.7 0.163 0.192 0.189
3.2 0.128 0.142 0.167
(b) Interaction (P {0.05) of breed group and level of feeding
on muscle gained per day.
Feed level
Breed 4,2 3.7 3.2
group
YL 0.213 0.182 0.134
YLY 0.205 0.180 0.157
~(c) Interaction (PA(Q.OS) of breed group and level of feeding
on total fat weight.
Feed level
Breed 4.2 3.7 3.2
group
YL 21.04 19.81 18.46
YLY 21.02 19.44 18.05
(d) Interaction (P<0.05) of breed group and slaughter weight
on total fat weight.
Slaughter weight
Breed 68 91 114
group '
YL 11.41 20.37 27.54
YLY 11.94 17.71 28.86
(e) Interaction (P{ 0.05) of sex and level of feeding on fat

gained per day

Feed level
Sex 4.2 3.7 3.2
B 0.181 0.140 0.091

G 0.143 0.120 0.090
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weight increased while on the 4.2 per cent feeding level the realized
level of feeding decreased as slaughter weight increased (Table 13 ad),.

A trend for YLY pigs to gain more muscle per day than the YL
pigs on the 3.2 per cent feeding level_was not present on the other
feeding levels (Table 19 b). This closely followed the interaction
between breed group and level of feeding on daily liveweight gains
(Table 15 ¢) in which YLY pigs grew faster than the YI, pigs on the
3.2 per cent level but not on the higher levels,

As the level of feeding decreased there was an increasing trend
for YLY pigs to have less fat than YL pigs (19 ¢). While YLY pigs
slaughtered at 91 kg had less fat than YL pigs, the reverse trend
was apparent at other slaughter weights (Table 19 d). Although the
effect of feed level on fat gained per day was the opposite to that
of muscle gained per day, there was an interaction such that the
difference between barrows and gilts decreased as the level of
feeding decreased (Table 19 e).

Figure 2 shows the isoquants forltotal carcass muscle weight,
Considering the overall experiment isoquants (a) it can be seen that
as the level of feeding increases pigs have to be taken to a higher
slaughter weight to maintain a given output of total carcass muscle,
The increase in slaughter weight required to maintain a given weight
of muscle appeared to become larger as slaughter weight increased but
there was no significant interaction of feeding level and slaughter
weight on total muscle weight in the analysis of variance,

Considering the within breed diagram (b) it can be seen that the
general response in terms of muscle weight is similar for both breeds

and appeared to become more so as level of feeding increased. However,
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in the analysis of variance the interaction between slaughter weight,
feed level and breed - " was not.significant. The YL pigs
required feeding to a higher slaughter weight in order to yield the
same welght of muscle as YLY pigs.

Sex effects were quite marked. To maintain a given output of
muscle weight, barrows had to be slaughtered at heavier weights as the
level of feeding increased and this effect appeared to become more
pronounced as slaughter weight increased. The isoquant estimates
indicated that at low slaughter weights barrows had less muscle than
gillts but as slaughter weight increased barrows had slightly more
muscle than gilts at low levels of feeding and less muscle than gilts
as feeding level increased. However, the analysis of variance reveal-
ed no significant interaction of feedinghlevel, slaughter weight and
sex.

The isoquants for total muscle gained were very similar to those
for total carcass muscle except that they were lower by the amount of
muscle e;timated to be in the pigs at the time they were placed on
experiment. Isoquants for weight of muscle gained are in Appendix
figure 1.

Figure 3 shows the isoquants for total carcass fat weight, In
the overall diagram (a) it can be seen that to maintain a given weight
of fat in a carcass as feeding level increases requires a reduction in
the slaughter weight or the opposite of the situation found with total
carcass muscle weight.

The separate breed group plots (b) indicate that at slaughter
weights below 110 kg, YLY pigs could be taken to a higher slaughter

weight than YL pigs but yield the same amount of fat and that this
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Figure 3, Isoquants for total
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(a), for the YL and YLY breed groups
(b), and for barrows and gilts (c).
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effect disappeared at the high level of feeding. This plot illustrates
the interaction among breed gfoup and feeding.level on fat weight dis-
cussed previously (Table 19 c).

Analysis of variance showed a significant (P {0.01) effect of sex
on fat weight and this effect is clearly shown in the sex effect dia-
gram (c). At any slaughter weight across all feeding levels, gilts
had less fat than barrows.

Isoquants for total fat gained are in the appendix figure 2,

Figure 4 shows the isoquants for total bone weight. In the over-
all diagram (a) it can be seen that as level of feeding increases the
maintenance of a given bone weight requires slaughter at an increased
slaughter weight.

The significant (P {0.05) breed effect on total bone weight detect-
ed in the analysis of variance (Table 18) is shown in the breed diagram
(b) where it can be seen th;t the YLY breed group attain a given bone
weight at a lower slaughter weight than the YL breed group pigs.

Diagram (c) shows the significant (P {0.01) effect of sex on bone
weight detected in analysis of variance. At any given slaughter weight

gilts tended to have more bone than barrows.
(b) Predictors of carcass composition

Treatment means of effects of feed level, slaughter weight, breed
and sex on carcass characteristics are shown in Table 20. The
characteristics shown are those used as predictors of carcass muscle
in section I together with actual total muscle weight and total muscle
weight predicted using two techniques developed in section I,

The results of using prediction equations to estimate total
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gilts (c).
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carcass muscle reflected the accuracy of the two techniques. The more
accurate technique was the use of equation number 7 within the breed
gfoup from which it was derived and in section I it was shown that
this technique gave R2 values of 0.982 and 0.972 on the YLY and YL
breed groups respectively. Equation number 1 developed for each breed
group and then applied to the other breed group produced R2 values of
0.942 and 0.927 on the YLY and YL breed groups respectively. Although
the standard errors of the actual dissection treatment means are not
given in Table 20 it was found that the use of equation number 7 for
estimating carcass muscle content yielded treatment means which all
fell within + one standard error of the actual main effect treatment
means. In the case of the less accurate cross-validated equation
number 1, half of the estimated treatment means were outside the range
of + one standard error of the main effect treatment means.,

Had a significance level of 5 per cent been rigidly adhered to
in assessing main effects of treatments the use of prediction equation
number 7 would have given the same classification of treatment effects
as use of the actual muscle dissection data. Apart from underestimat-
ing the significance of the breed effect, use of equation number 1
would have given almost comparable results even though half of the
estimated treatment means fell outside + one standard error of the
actual means of treatment main effects,

Interactions of treatments were indicated by both equations
although no interactions were indicated in analysis of the actual data
(Table 21 a, b). Both equations indicated an interaction (P£0.01) of
sex and level of feeding on total muscle weight and in both cases the

interactions appeared to result from a smaller difference between
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Table 21, Interactions among main effects on predictors

and predictions of carcass muscle weight.

(a) Interaction (P ({ 0.01) of sex and level of feeding on total

muscle weight estimated by use of equation number 1.

Feed level
Sex 4.2 3.7 3.2
B 28.80 31.12 30.50
G 30.18 31.05 31.22

(b) Interaction (P {0.01) of sex and level of feeding on total

muscle weight estimated by use of equation number 7.

Feed level
Sex 4.2 3.7 3.2
B 28.63 31.22 30.67
G 30.14 31.30 31.60

——————

(c) Interaction (P (0.05) of sex and slaughter weight on total
muscle weight estimated by use of equation number 7.

Slaughter weight

Sex 68 91 114
B 22.37 30.94 36.67
G 24,38 30.95 38.24

(d) 1Interaction (P 0.05) of sex and level of feeding on total

backfat depth,

Feed level
Sex 4.2 3.7 3.2
B 76,50 66.17 59.42
G 64,33 62.75 59.00

—————

(e) Interaction (P 0.005) of breed group and sex on loin eye
area.
Breed group
Sex YL YLY
B 29.64 28,48 .

G 29,42 32.87
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sexes on the 3.7 per cent feeding level than on the other two feeding
levels, When the estimated subplot means were compared with the
actual subplot means + one standard error, it was found that 2 and 4
of the 6 means fell within this range when estimated by use of equat-
ions 1 and 7 respectively., Further to this, an interaction (P 0.05)
between sex and slaughter weight on total muscle weight estimated by
using equation number 7 was indicated even though all interaction
means fell within + one standard error of the interaction means of the
actual dissected total muscle weight (Table 21 c).

Loin eye area, ham muscle area and the three large hind muscles,
three characteristics previously found to be positively correlated
with carcass muscle weight, were significantly (P {0.05, 0.05 and 0.01
respectively) affected by feed level in the same way as was total mus-—
cle weight (Table 20), Harrington (1963) suggested that instead of
using a prediction equation to estimate the magnitude of treatment
effects on the predictant it may be wise to go no further than saying,
for instance, that "there was a significant difference in X (predictor)
between treatments, which implies a real difference in Y (predictant)",
Thus, this approach would héve been appropriate for loin area, ham
muscle area and the three large hind muscles. Howvever, m. gracilis
and the distal hind muscles were not affected by feeding level and it
would have been misleading to have used this absence of effect as
implying that feed level did not have an effect on total muscle weight,

A significant (P{0.01) reduction in total backfat in the 3.7
per cent feeding level relative to that found in pigs fed at the 4.2
per cent level implied a difference in muscle content present, but not

significant, in analysis of treatment effects on total muscle weight
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(Table 20),.

An interaction (P (0.05) between sex and level of feeding on
depth of total backfat is shown in Table 21 such that differences
between sexes decreased with feeding level, Such an interaction was
not found with total carcass muscle weight but it wasg found in both
fat gained per day (Table 19 e) and realized level of feeding (Table
13 b) that the difference between barrows and gilts decreased as the
level of feeding decreased. The interaction of decrease in differ-
ence in realized feeding level between sexes as the nominal feeding
level decreased may have produced the interactions in total backfat
depth and fat gained pPer day as well as the non~sigﬁificant trend for
decreased differences in fat and muscle weight between sexes as the
feeding level decreased,

A breed effect on total muscle weight (P ¢ 0.01) was appropriately
reflected in the hot carcass weight (P < 0.05) but no other predictors
were affected by breed (Table 20). An interaction (P {0.05) of breed
group and sex on loin eye area (Table 21 c¢) was not reflected by a
similar interaction of these treatment on total carcass muscle weight,

All predictors except ham muscle area and distal hind muscles
were significantly (P<0.05 and 0.01 respectively) affected by sex in
such a way as to imply that barrows had less muscle than gilts which
was found to actually be the case in the analysis of sex effect
(P {0.01) on total muscle weight (Table 20).

While there were cases where appropriate ‘inferences about treat-
ment effects on total muscle could be made by discussing the treatment
effect on predictors, there were other occasions where the implications

would have been misleading. Harrington (1963) pointed out that the
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use of a predictor as an index of the effect of treatments on the
predictant implies that the relationship between the predictor and
the predictant is the saﬁe over all treatments. Wilson (1968) found
that nutritional treatment had a significant effect on the relation—
ship between individual muscles and total muscle in the pig and als;
that these relationships were affected by sex (Wilson, 1966, 1968).
Studies with cattle have suggested that different treatments require
different prediction equations (Seebeck and Tulloh, 1969).

The quantitative relationships established between inputs and
outputs will be used in section III in an economic analysis. In the
estimation of such relationships, Dillon (1968) drew attention to the
need to use a spread of feeding levels, stressing the need to take
account of sub ad libitum feeding treatments. While sub ad libitum
intakes were deliberately used in this experiment it is not likely
that the highest feeding level used closely approached ad libitum
intakes.

The conventional measures of performance indicated that the high-
est feeding level produced the greatest daily gains and thus this
level would enable a greater output of pigs from a given set of facil-
ities in a year. The highest muscle content was achieved by pigs fed
at the lowest feeding level but these were the least efficient in
converfing feed to liveweight gain. However, conversion of feed to
muscle weight gain was not significantly affected by level of feeding.
Due to the bias in the grade index the 91 kg slaughter weight produced
the highest carcass indices. However, the grade index did not reflect
the higher lean content of gilts nor the higher muscle content of pigs

fed at the 3.2 per cent feeding level,
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Gilts tended to grow faster than barrows while barrows tended
to achieve a higher daily feed intake. Barrows were less efficient
than gilts in converting feed to liveweight gain and muscle gain and
gilts gained more muscle per day than barrows.

The conventional measures of performance suggested that there
were differences due to breed.group, sex, slaughter weight and level
‘'of feeding, The importance of these effects in pig production can
only be realistically assessed by putting economic weights on the

various measures of performance and this will be done in section III,
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ITI. THE USE OF ACTUAL PERFORMANCE RECORDS AND PREDICTED PERFORMANCE
IN AN ECONOMIC EVALUATION OF THE PIG PRODUCTION EXPERIMENT

A. Introduction

To assist in putting together the pieces of production (daily
gains, feed conversion ratios, carcass grade etc.) increasing
attention is being given to economic analyses of the results of pig
production studies (see for examples, Bellis and Taylor, 1961; Braude,
Townsend and Harrington, 1963; Frape, Wolf, Wilkinson and Chubb, 1968;
Battese, Duloy, Holder and Wilson, 1968; Frape, Wilkinson, Chubb and
Wolf, 1970; Harris, 1970).

The performance records for each pig on the current experiment
were used in an economic analysis with the objectives of determining
the returns to management and returns to management per pen space per
year under conditions of high, medium and low feed costs and high,
average and low market prices for carcasses. With the objective of
making the analysis relevant to Alberta conditions, a provincial hog
enterprise analysis (Hackett and Reddon, 1967) was used as the basis
for the economic analysis. A similar analysis, but restricted to
medium feed cost and average carcass values, was done using regression
equations relating inputs and outputs developed in section II.

Preliminary analyses (Richmond, Berg and Wilson, 1970) indicated
that carcasses from pigs slaughtered at 91 kg liveweight received a
higher grade than those from pigs slaughtered at 68 or 114 kg when
scored under Canada's new hog valuation system (Canada Department of
Agriculture, 1968). A further objective of this section was to exam-
ine the influence that this bias could have on return per pen space

per year by valuing muscle from all carcasses at the mean price paid
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per kg of muscle from pigs slaughtered at 91 kg liveweight,

It was pointed out in section II that the hog valuation system
was designed to encourage production of pigs yielding hot carcass
weights between 57 and 82 kg. A final objective of this section was
to draw up a grading system schedule which would ignore the present
bias and pay producers for the quantity of muscle or of muscle plus

intermuscular fat in the carcass.
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B. _Methods

(1) Description of terms used in the Alberta Hog Enterprise Analysis
and adjustments made for the current economic analysis

The Economics and Animal Industry Divisions of the Alberta
Department of Agriculture prepare an annual hog enterprise analysis.
The 1968 analysis (mimeo, Anon) was based on 21 farms selected from
a larger sample on the basis of accuracy and completeness of records.
The economic analysis in this thesis was based on the records of .the
7 high production hog feeder enterprises in that sample which sold
an average of 848 hogs per year. (The description of terms used are
given in greater detail on pages 4 ~ 6 of Hackett and Reddon, 1967).

The average costs and returns per 100 pounds (45.5 kg) liveweight

gain are given in Table 22.

a) Gross returns

Gross return is equal to the value of hogs produce& by the enter-
prise and is calculated as follows:

Value received for all hogs sold during the year, plus market
value of hogs on inventory at the end of the year, plus market value
of hogs slaughtered for home use, less value paid for hogs purchased
during the year, less market value of hogs on inventory at the
beginning of the year. The gross return for the enterprise has been
divided by the hundredweights (45.4 kg) of production to determine
gross return per unit of output.

It will be noted that the gross return of $18.01 given in
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Table 22. Cost and return details of the high production group
of farms reported in the 1968 Alberta Hog Enterprise Analysis. The
figures given are on the basis of costs and returns per hundred

pounds (45.4 kg) of liveweight gain produced in hog operations in

which T8 are purchased and fed to market weight.

Gross return

Sales
Average weight per head (1b) 199 (90.3 kg)
Average value per head $43.43
Purchases
Average weight per head (1b) 42 (19.1 kg)
Average value per head $16.12

Gross return $18.01

Operating expenses

Total feed cost $1i.11
Veterinary and medicine $ 0.22
Other direct $ 0.05
Other variable $.0.80

Total variable cost $12.18

Overhead expenses

Depreciation and insurance $ 1.31
Interest on buildings and equipment @ 6% $ 0.71
Interest on livestock @ 6% $ 0.43
Total overhead expenses $ 2.45

Labour cost

0.84 hours at $1.45 per hour $1.22
Total production cost $15.85
Return over variable cost $ 5.83
Return to labour, management and investment $ 4,52
Return to labour and management $ 3.38

Return to management $ 2.16
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Table 22 is not simply the value of the hog sold lesé the value of
the weaner purchased expressed on a per hundredweight (45.4 kg) basis.
This is due to factors such as inventory changes and slaughterings -
for home use.

In the current analysis gross return has been calculated as the
value Af the pig sold less the cost of the purchased weaner valued at
the weight at which individual pigs were placed on experiment.

Carcass value was calculated in two ways:

(1) Grade index method. The product of the grade index and hot
carcass weight was multiplied by one of three prices per ;00 pounds
of hot carcass of grade index 100. The three market prices were:

$36.00 (highest price paid in 1970)
$28.37 (average price paid in 1970)
$20.00 (lowest price paid in 1970)

These prices were supplied by the Alberta Hog Producers Marketing
Board, ~

(In the actual computations used in this study the market prices
used were $0.79, $0.62 and $0.44 per kg of hot carcass weight corres-
ponding to the highest, average and lowest price of 1970).

(2) Muscle content method. The totai muscle weight of all car-
casses determined from actual values was multiplied by the average

Price paid per kg of muscle in pigs slaughtered at 91 kg.
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The prices paid for weaners were calculated by a formula provided
by Mr. Art Reddon, Livestock-Supervisor, Swine, of the Animal Industry
Division of the Alberta Department of Agriculture. The formula pro-
vided was:

Weaner price = (market price for 100 grade index) + $1.00
2 .

+ $0.20 per 1b in excess of 30 1b.
Calculations of weaner prices were made on the assumption that
the market price at which the feeder pig was sold was the market price
in operation at the time the weaner was purchased.
In the actual computations used in this study the cost of a
weaner was derived from:
22.7 x market price/kg + $1.00 + $0.44/kg in excess of 13.6 kg
For example, the cost of a 25.4 kg weaner purchased when the
market price for a slaughter hogs was average for 1970 was:

22.7 x $0.62 + $1.00 + $0.44(25.4 - 13.6) = $20.27.
(b) Variable costs )

Variable costs include feed, veterinary, medicine, equipment
operating, building maintenance, utility and other direct cash costs.

In the current analysis feed cost is feed consumption during the
trial period multiplied by one of three feed prices per pound. The
feed prices used were 1.8, 2.0 and 2.2 cents per pound and the corres-
ponding metric equivalents were 3.97, 4.41 and 4.85 cents per kg.

- The other variable costs include the costs of equipment operation,

building maintenance and utilities. For the purpose of this analysis
the other variable costs of $0.80 per 100 1b liveweight gain and

veterinary and medicine costs of $0.22 per 100 1b liveweight gain
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given in Table 22 were combined giving a cost of $1.00 per 100 1b
liveweight gain., In the actual computations used in this study the
cost was $0.022/kg liveweight gain,

It was considered that the cost of $0.05 given in Table 22
for other direct costs per 100 1b liveweight gain was inadequate to
cover the marketing costs. Accordingly, in the current analysis other
direct costs were calculated assuming that the pigs were produced 100
miles from Edmonton and were marketed through an assembler. Market-
ing costs incurred under the assumed conditions were supplied by Mr.

Orville Anderson of the Alberta Hog Marketing Board. These were:

Aésembler's fee $0.50 per pig

Insurance $0.10 per pig

Transport $1.32/100 kg hot carcass weight
Marketing fees $0.30 per pig |

(c) Depreciation and insurance

In the hog enterprise analysis depreciation is charged on all
hog barns, storage facilities, processing facilities, material handling
equipment and other machinery used by the hog enterprise. Since
depreciation costs depend on the time a pig occupies the facilities it
was necessary for the purposes éf this current analysis to calculate
depreciation on a daily basis. The details reported in Table 22 do
not give an estimate of the time required to gain 100 1b liveweight.,
An estimate of the days required was calculated by the following
nmethod:

It was assumed that the interest charge on livestock per 100 1b

liveweight gain was approximated by the function:-
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Interest charge = average inventory .x 6 x (days to gain 100 1b)
100 365

Using figures from Table 22,

$0.43 = (16.12 + 43.43) x _6 x (days to gain 100 1b)
2 100 365

By rearranging the equation

0.43 x 100 x 365 x 2
(16.12 + 43,43) x 6

Days to gain 100 1b

87.85 days.

The value of $1.31 given in the hog enterprise analysis was
divided by 87.85 giving $0.0149 as an es* mate of the daily cost of
depreciation and insurance. Thus the cost of depreciation and insur-
ance in the current analysis was determined by multiplying the days

on trial by $0.0149.
(d) Interest charges

In the hog enterprise analysis interest is calculated at 6 per
cent of the invéstment in buildings and equipment allocated to the
hog enterprise. In Table 22 the cost of interest on buildings and
equipment was given as $0.71 per 100 1b liveweight gain. This was
converted to a daily basis by dividing by 87.85 days (derived in
item 3) giving a daily estimate of $0.008l. Interest on buildings and
equipment in the current analysis was derived by multiplying days on
trial by $0.0081.

In addition, the hog enterprise analysis charges interest at 6
per cent on the year end inventory of hogs. For the purpose of the
current analysis, interest on livestock wés derived by using an aver-
age inventory (weaner cost + carcass value)/2 x (days on trial/365)

X interest at 6 per cent,
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(e) Labour cost

Labour has been charged at $1.45 per hour in Table 22 with a
total input of 0.84 hours per 100 1b of liveweight'produced in the
reporting farms. The cost of labour input has been converted for
this analysis to cost per.day by dividing $1.22 by 87.85 giving a

- daily labour cost of $0.0139 per pig per day.

(f) Total production cost

The total production cost is the sum of variable costs, depreci-

ation, insurance, interest and all labour charges.

(g) Return to management per pig

The return to management is equal to gross return per pig, less
variable cost, depreciation, insurance, interest and labour costs per

pig produced.

(h) Return to management per pen space per year

The return to management per pig space per year is equal to

(return to management per pig) X 365
days on trial

This method of calculation assumes that the pig space is not
rested for a period after the pig is sold.

(i1) Use of prediction equations to compute carcass value and return
per pen space per year

The four overall regression equations relating feed level and
slaughter weight to feed consumption, days on trial, hot carcass weight
and grade index are shown in Appendix table 1. Values for each vari-

able were computed at slaughter weights of 68, 91 and 114 kg while the
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feeding levels used were the interactions among feed level and slaught-
er weight shown in Table 13. Liveweight gain was computed by sub-
tracting the overall mean weight of pigs when élaced on trial (24.41
kg) from the final slaughter weight. The computed values for feed
consumed, days on trial, hot carcass weight and grade index, together
with the derived values for liveweight gain, were subjected to an
economic analysis using costs and prices given in section III (1)

under conditions of average carcass price and medium feed cost. Grade
index of pigs slaughtered at 68 kg was assumed to be 87.

(iii) Preparation of an amended table of differentials based on pay-
ment for muscle content

Two prediction equations were developed for all 72 carcasses deg-
cribed in section I. TIn the first, carcass muscle welght was predict-
ed using the grading system measurements of warm carcass weight and
total backfat as predictors (based on the combined equation number I
in section I). The second prediction equation estimated the weight of
muscle plus intermuscular fat (defined as lean) in the carcass using
the same grade measurements as predictors.. Using these prediction
equations the muscle and lean content of carcasses was predicted at
the midpoint of backfat and carcass weight for each cell of the table
of differentials (Appendix table 2). The original valuation schedule
was designed around a "key cell" (index of 100 for carcasses in the
cell midpoints of 82.6 and 70.06 for total backfat and warm carcass
weight respectively). The value of the carcass for this "key cell”
was computed using the average bid price of $28.37 paid in Alberta
during 1970. The carcass value so obtained was divided by the pre-

dicted weight of muscle and lean for that cell, Thig procedure was
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followed for all cells in the table,

Following the steps outlined below, the table of differentials
was amended to provide that carcasses in each cell were valued
according to predicted muscle and lean content,.

In the "key cell" it was found that the price paid per kg of
muscle and lean was $1.587 and $1.380 reépectively.

Considering muscle as a basis:

Carcass value index x carcass weight x bid price of $0.62

]

$1.587 x muscle weight

Thué:
Index x carcass weight x $0.62 = nmuscle weight x $1.587
Index = muscle weight X $1.587

carcass weight b4 $0,62

An amended index was calculated for each cell in the table of
differentials using this formula and the predicted muscle content of
each cell.

A similar procedure was followed for amending the table on the

basis of lean content.

(iv) Statistical analyses

(a) Variables used

Grade index wascalculated and analyses done.on all carcasses.
Using the first method outlined in section IIi B (i) (a), carcass
value and price paid per kg of muscle was computed for all carcasses.

Cost per kg muscle marketed was derived by the following:

Cost per kg muscle marketed = (Total production cost + cost of weaner)
Total carcass muscle
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C. Results and Discussion
(i) Economic analyses
(1) Grade index method of computing carcass value

Returns to management per pig produced are shown in Table 23 by
slaughter weight, level of feeding, sex and breed. There were nine
combinations of prices involving three feed costs and three carcass
prices. When carcass prices were low (the lowest price bid in Alberta
during 1970) returns to maﬁagement per pig were negative under the
conditions of this experiment. Greatest losses were made on the low-
est feeding level (P{ 0.0l) and losses were least at 91 kg slaughter
weight while larger losses were made by slaughtering at 68 kg than at
114 kg (P {(0.01 and 0.05). Losses tended to be lower in the YLY
breed group than with YL pigs and barrows lost more than gilts
(P (0.05).

At the average bid.price for carcasses during 1970, the pattern
of returns was similar to those described for the low carcass price.
However, positive returns were made at the higher feeding levels and
at the higher slaughter weights (P {0.0l1). Barrows were less profit-
able than gilts (P {0.05). Again, the most profitable slaughter
weight was at 91 kg (P (0.01).

Similar patterns to those described at the lower carcass prices
were present at the high carcass price, but even at this high price
pigs slaughtered at 68 kg produced a negative return. While the
returns from pigs killed at 114 kg were still less than those from
pigs slaughtered at 91 kg (P 0.01) the differences were not as great

in magnitude as those present at the lower carcass prices. The
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differences between returns from pigs killed at 68 and 91 kg became
greater as carcass price increased.

Returns per pig are shown in isoquant form in figure 5 for over-
all, breed and sex classification under conditions of average ‘carcass
price and medium feed cost. The regression equations used to produce
the isoquants are given in the Appendix table 3.

It was pointed out in section II thaﬁ the grading system was
designed to encourage production of carcasses ranging between 57 to
82 kg, that is, of pigs slaughtered between approximately 78 to 109 kg
liveweight, respectively. The overall isoquants show that the break-
even point occurred near a slaughter weight of 78 kg when feeding
level was 3.2 per cent and the break-even slaughter weight decreased
slightly as the feeding level increased. At the higher slaughter
weights, the isoquant for the break-even slaughter weight was located
near 118 kg at the low feeding levels and rose slightly to about 120
kg as feeding’level increased. On both sides of the area enclosed by
the $5 isoquants the slaughter weight change required to move from the
$5 to the break-even isoquants was larger than the change required to
move from the $0 to the -$5 isoquant. The maximum return per pig with-
in the limits of the area investigated was estimated to be $7.52,
located at a slaughter weight of 96.7 kg and at a feeding level of
4,07 per cent,

The isoquants showing the separate breed group plots indicated
that the YL breed group could not retura $5.00 per pig if taken much
below the 3.5 per cent feeding level while the YLY breed group could
return $5 per pig below the 3.2 per cent feeding level. The plots

suggest that the YL breed group was more sensitive to changes in feed
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level at low levels of feeding than the YLY breed group but this
difference disappeared at higher levels of feeding. The maximum
returns for the two breed groups were very similar. The YL breed
group had a maximum return of $7.57 estimated to be at a feeding level
of 4.15 per cent and a slaughter weight of 96.8 kg while the maximum
for the YLY pigs was slightly higher at $7.93 and was located at a
4.05 per cent feeding level and at a slaughter weight of 96.5 kg.

The sex plots for returns per pig showed that there was little
difference between sexes at the lower slaughter weights, However, at
higher slaughter weights gilts were more responsive than barrows to
increased feeding level. Also the slaughter weights at which gilts
yielded a break-even return approximated the weights at which barrows
returned a loss of $5 per pig. It appeared that a barrow required to
be fed at 4.40 per cent to yield a $5 return while gilts could be fed
at 3.20 per cent and still yield the same return. The maximum return
for gilts was.estimated to be $9.86 at 4.40 per cent feeding level
and 99.3 kg slaughter weight while the méximum return for barrows was
estimated to be lower at $7.38 and was located at the 4.10 per cent
feeding level and at 95.5 kg slaughter weight. The maximum points
illustrate that gilts can be fed at higher levels than barrows, be
slaughtered at heavier weights and return more profit than bgrrows.
There was a wider range in slaughter weights within which high returns
were forthcoming for gilts than for barrows. This means that producers
could be more flexible in choosing slaughter weights for gilts than
for barrows. Such sex differences highlight the validity of the
suggestioﬁ that weaner pigs be grouped according to sex at auction

markets so that buyers could exercise their higher preference for
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gilts over male pigs.

Returns to management Per pen space per year are shown by
slaughter weight, level of feeding, breed and sex in Table 24,

As expected from the returns Per pig produced, all returns were
negative at the low carcass price. Losses were little affected by
feeding level but were -strongly influenced by slaugﬁter weight
(P{0.01). At this low carcass price pigs from the YL breed group
produced a greater loss than pigs from the YLY breed group (P £{0,05).

In Table 23 it was shown that on a per pig basis, those fed at
the 3.2 per cent feeding level lost more money than those fed at
higher levels. However, expressed on a per pen space per year basis
the slower production of pigs fed at 3.2 per cent feeding level meant
that fewer could be processed in a pen space in a year, thus reduging
their capacity to influence returns Per pem space per year, The
result was that there was no significant difference between feeding
levels in return per pen Space per year at the low carcass price.

As expected, combinations of feed prices with the medium carcass
price which produced negative returns per pig also produced negative
returns per pen space per year.

At the high carcass price the differences due to the effect of
feed level on return per pig were magnified when expressed on the
basis of return per pen space per year. While there were no signifi-
cant differences between the 4.2 and 3.7 per cent feeding levels in
return per pig, the greater throughput possible with the 4.2 per cent
feeding level enabled higher returns per year on the 4,2 per cent
level than on the 3.7 per cent lavel (P {0.05 and 0.01). The low

throughput possible on the 3.2 per cent feeding level magnified the
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differences between this level and the higher levels on return per pig,

A significant interaction (P (0.00S) occurred in the effects of
feeding levels and slaughter weights on returns per pen space per year
and is discussed later (Table 27). Briefly, there was little effect
of feeding level on the substantial losses incurred in marketing pigs
at 68 kg liveweight, but returns received by slaughtering at 91 and
114 kg decreased as the level of feeding decreased,

Returns per pen Space per year are shown in isoquant form in
figure 6 for overall, breed and sex classifications under conditions
of average carcass price and medium feed cost. The regression equat-
ions used to produce the plots are in the Appendix table 3. Again,
the influence of the grading system is apparent with the break-even
isoquant at the lower range of slaughter weights located at approx-
imately 78 kg slaughter weight while in the higher weights it ig
located between 115 and 120 kg, increasing slightly as feeding level
increased. These limits are very similar to those delineated by the
break-even isoquants for returns per pig produced,. Actually, all
Plots of return Per pen space per year are virtually carbon copies of
the plots for return per pig with the isoquants for returns per pen
Space per year being about 3 times the value of those for returns per
pig. Overall, the maximum return per Pen space per year was estimated
to be $24.43 at a feeding level of 4.15 and a slaughter weight of
97.2 kg; this point being very similar to the location of the maximum
return per pig estimated in figure 5,

The isoqﬁants for the separate breed groups suggest that the YL
Pigs were unable to return $15 per pen Space per year when fed at

levels near 3.2 per cent. Again, breed differences tended to
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disappear as the level of feeding increased. The maximum returns of
the two breed groups were very similar. The YL breed group was
estimated to have a maximum return Per pen space per year of $24.61 at
a 4,21 per cent feeding level and at a slaughter weight of 97.7 kg
while the maximum estimated for the YLY breed group was $25.40 at a
feeding level of 4.10 per cent and a slaughter weight of 96.6 kg.

Comments similar to those made about the return per pig isoquants
are applicable to the plots for returns per pen space per year of
barrows and gilts. The superior performance of gilts in return per
pig was more clearly demonstrated and the maximum point for gilts was
estimated to be $32.11 at a 4.40 per cent feeding level and 100 kg
slaughter weight while the maximum for barrows was estimated to be
substantially lower at $23.41 at a feeding level of 4.20 éer cent and
a slaughter weight of 96.1 kg. Again, there was a wider range in
slaughter weights for gilts than barrows within which the area of
high profits was located,

The overall plot obtained for the cross-validated responses
(figure 7) was prepared by applying coefficients for the YL breed
group to the data for the YLY breed group and vice versa. The regres-
sion equation used to prepare the plots is given in Appendix table 3.
The cross-validated plot was almost a carbon copy of that obtained
using the overall prediction equation and shown in figure 6. The
maximum point was estimated to be $25.74 at a feeding level of 4.20
and a slaughter weight of 97.2 kg. While such a result was very
similar to the result obtained using the overall prediction equation
it is considered that predictions such as these should be tested more

widely before general acceptance is warranted. 1In testing equations
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for predicting performance developed in one set of pigs, Dent, English
and Raeburn (1970) found that liveweight gains of other pigs on test

diets did not reach the level predicted.

(2) Muscle content method of determining carcass value

Carcass value, return per pig and return per pen space per year
are shown in Table 25 for conditions of medium feed cost and with
muscle valued at the price paid per kg of muscle in pigs slaughtered
at 91 kg when the bid price was the average for Alberta during 1970.
For convenience in making comparisons, the return per pig and return
per pen space per year at average carcass bid price and medium feed
cost shown in Table 24 are repeated in Table 25, together with
computed carcass value, value per kg of muscie and cost of production
per kg of muscle using the grading system as a basis of payment.

When carcass were valued according to the grading system there
was little effect due to feeding level but value increased with
slaughter weight (P{ 0.01), and YLY carcasses were more valuable
than those from the YL breed group (P{ 0.05). Figure 8 shows the com—
binations of feed level and slaughter weight estimated to produce car-
casses valued at $28, $38 and $48. The maximum carcass value computed
was $49.82 and was estimated to occur at a feeding level of 2.39 per
cent and at a slaughter weight of 109 kg. The isoquants reflect the
influence of the grading system in that carcass values are symmetri-
cally distributed about a central maximum value occurring at about
110 kg and approximately parallel to the feeding level axis. Although
the maximum value computed falls outside the range of feeding levels

examined it does show that the surface between the isoquants for $48
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Figure 8. 1Isoquants for carcass
value variables showing the combin-
ations of feed level and slaughter
weight estimated to produce the
values ($) shown on the plots.
Isoquants are shown for carcass
value (grade index basis) (a), for
value per kg of muscle (grade index
basis) (b), and for carcass value

(muscle content basis) ().
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does not rise much higher than 48 dollars. The increase from $28 to
$38 occurs within a smaller increase or decrease in slaughter weight
than does the increase from $38 to 48 dollars.

When carcasses are valued according to the grading system the
price paid per kg of muscle decreased as feeding level decreased with
higher prices paid for muscle from pigs fed at 4,2 per cent than for
muscle from pigs fed at 3.2 per cent (P(0.0S). Since feeding level
had little effect on carcass value and pigs fed at the 3.2 per cent
level had more muscle than those fed at higher levels (Table 18),
carcasses from pigs fed the 3.2 per cent level were paid at a lower
rate per kg muscle than those fed at the 4.2 per cent level. Pigs
slaughtered at the 91 kg weight were paid at the highest rate per
kg muscle while those killed at 114 kg were paid more per kg muscle
than those killed at 68 kg (P ( 0.01). Barrows contained less muscle
than gilts (Table 18) but since there was little sex effect on carcass
value, the price paid per kg muscle in barrows exceeded that paid for
muscle in gilts (P {0.01). The prices paid per kg muscle are shown
in figuré 8. The maximum value of $1.53 per kg occurred at the 4.40
per cent level of feeding and at a slaughter weight of 95.4 kg. Again
the isoquants were symmetrical about a central high value which was
approximately parallel to the feeding level axis. The distances be-
tween the $1.00 and $1.20 isoquants was less than that between the
$1.20 and $1.40 isoquants.

The cost of production was not significantly affected by feeding
level although there was a trend fé; cost to rise as feed level de-
creased. The cost of production per kg of muscle declined markedly

from the 68 kg slaughter weight to the 91 kg weight (P {0.01) and
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tended to decline from thgre to 114 kg, although not significantly.
While the carcass grading system used has an important bearing on the
location of the most economically efficient slaughter weight, ;here
is a lack of agreement by British workers on this subject. Bellis
and Taylor (1961) calculated that cost per unit weight of lean meat
produced decreased from a slaughtgr weight of 41 kg through to
slaughter at 100 kg and changed little from then on to a high slaugh=-
ter weight of 136 kg, while Braude, Townsend and Harrington (1963)
concluded that slaughter at 91 kg was more economical than at 118 kg.
The results from the present study tend to support both British studies
in that the costs of production per kg of muscle tended to decrease
with increasing slaughter weight but the retufns per pen space per
year were greatest at the 91 kg slaughter weight.

There was a significant interaction (P ¢ 0.05) among sex and
slaughter weight on cost of muscle marketed (Table 26). While barrows
were consistently higher in cost of muscle production at each slaughter
weight than were gilts, the cost of production per kg of muscle con-
sisténtly decreased as slaughter weight increased in gilts but in
barrows there was an initial decrease to 91 kg with little change to a
slaughter weight of 114 kg,

When priced according to muscle content, carcass values were high-
er among the main effects classifications than when valued by the
grading system, except, by definition, at the 91 kg slaughter weight;
As expected, the higher muscle content of pigs fed at the 3.2 per cent
feeding level (Table 18) resulted in their recelving a higher carcass
value than those from pigs fed at higher levels (P {0,01). The value

of carcasses from pigs killed at 68 and 114 kg were higher than those
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Table 26. Interactions among main effects on economic
variables.

(a) Interaction (P {0.05) of slaughter weight and sex on cost
($) per kg of muscle marketed.

Slaughter weight

Sex ' 68 91 114
B 1.49 1.29 1.28
G 1.31 1.25 1.19

(b) 1Interaction (P {0.05) of slaughter weight and sex on ret-
urn per pen space per year ($), using carcass muscle
content as the basis of settlement,

Slaughter weight
Sex 68 91 114

B -0.45 17.64 16.57

G 16.89 22.13 26.18
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paid under the grading system method and the increases with increasing
slaughter weight were more uniform. As expected, also, the breed and
sex differences in muscle content (Table 18) Qere reflected in price
paid per carcass (P {0.01). The isoquants for carcass values of 35
through to 55 dollars are shown in figure 8. The isoquants are not
symmetrical as was the case with the grading system values and carcass
value increases steadily as slaughter weight increases. As the level
of feeding increased, pigs had %o be taken to a heavier slaughter
welght in order to maintain a given carcass value and this trend be-
came more pronounced as slaughter weight increased. The maximum car-
cass value within the area studied was $57.76 and was estimated to
occur at a feeding level of 3.2 per cent and a slaughter weight of

114 kg.

Returns per pig were not significantly affected by feeding level
but were higher than when carcasses were valued By the grading system.
While the return per pig when valued by the grading system was negative
at the 68 kg slaughter weight, it was positive when muscle content was
used as the basis for valuation and return per pig was highest at the
114 kg slaughter weight G?(0.0l). Returns from the YLY breed group
and gilts surpassed those yielded by the YL breed group and baprows
respectively (P{0.01). Returns perApen Space per year were generally
higher than those obtained when carcasses were valued by the grade
index system. While pigs killed at 114 kg produced the highest return
per pig, the reduced throughput per year possible at this slaughter
weight resulted in it not being superior to the 91 kg slaughter weight
in returns per pen space per year.

Using carcass muscle content as the basis of valuation, there was
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an interaction (P {0.05) of slaughter weight and sex on return per pen
space per year (Table 26). Barrows were less profitable than gilts
but the difference was much more pronounced at the 68 kg slaughter
weight when barrowé gave a negative return per pen space per year.

This study demonstrated the effect that a grading system can
have on the location of the area within which it is profitable to
produce pigs. At present it appears that the most profitable area is
in a region which has a sharp central peak around the 91 kg slaughter
weight. The adoption of a system based on muscle content would give
a broader region of slaughter weight within which producers could
operate according to the constraints imposed by their individual
enterprises. Hoﬁ the system might be altered to value’carcasses
according to muscle content is the subject of another area of this
discussion.

(ii) Use of prediction equations to compute carcass value and return
per pen space per year

Interactions among feeding levels and slaughter weights on car-
cass value and return per pen space per year are shown in Table 27,
together with carcass values and returns computed using regression
equations developed in section II, The trends present in the inter-
actions among feed levels and slaughter weights on carcass value com-
puted using actual performance records also occur in the carcass values
computed using regression equations for predicting carcass weight and
grade index. Both methods suggest that as slaughter weight increased,
carcass value increased and feeding level had little effect on carcass
value. Except in one case, regression estimates were below actual

carcass values and three of the nine estimates were within + one
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Table 27. Interactions among feeding levels apng slaughter

(a) Carcass value €))

Actual performance Regression estimates
Slaughter weight Slaughter weight
Feed 68 91 114 68 91 114
level ‘
4,2 27.47 44,99 48.90 26.32 44.30 47.84
3.7 27.21 45,11 48,38 26.54 44,70 48.38
3.2 27.07 45,94 49.40 26.59 45.03 48.67

S.E. x = 0,56

(b) Returns per pen space per year ($).
Actual performance (P { 0.005) Regression estimates
Slaughter weight Slaughter weight

Feed 68 91 114 ' 68 91 114
level

4.2 -19.77 27.79 9.88 ~-26.46 21.40 8.19

3.7 -20.58 23.54 6.87 -22.80 18.18 6.17

3.2 -21.27  8.77  4.87 -23.24  10.73  3.03
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standard error of the corresponding value computed from actual
performance records.

A signifiqant (P {0.005) interaction occurred in the effects of
feeding levels and slaughter weights on returns per pen space per year,
While there was little effect of feeding level on the substantial
losses incurred in marketing pigs at 68 kg liveweight, returns receiv-
ed by slaughtering at 91 and 114 kg decreased as the level of feeding
decreased. The regression estimates were generally lower than those
computed using actual performance records and four of the nine esti-
mates were within + one standard error of estimate of the values de-
rived from the actual records. Despite the differences in magnitude,
the same decision about the best combination of feeding level and
slaughter weight would be reached by inspection of both tables. How-
ever, the sometimes large differences between regression estimates and
those derived from actual values underlines the need for caution in
interpretafion of estimated values, especially when the number of
variables in a model increases.

It is believed that the use of models describing the operation of
pig production units will become an important feature in future pig
production research. Such models will help, amongst other things,
locate areas in pig production most likely to benefit from research.
However, the use of models is not without problems and Alexander (1969)
had this to say about the use of models in a business context,-

"Models incorporate many variables that are really estimates of
such things as the future GNP, product acceptance or the likelihood of
contracts being renewed. Thus when the results emerge from a computer

they amount to precisely formulated and deceptively precise guesses
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stitched together into compounded doubtfulness. Many managers have
found themselves unable to peer through the haze of jargon and form-
ulas to discern clearly the frailties of the basic estimates and
assumptions",

The results of the present study indicated that within the
experimental material from which they were derived, the use of four
regression equations incorporated into a model for determining return
Per pen space per year gave results leading to similar interpretations
to those arrived at by examination of the actual data. However, fur-
ther studies are needed in this area involving validation of predict-
ions such as those developed for return Per pen space per year on other

breed groups of pigs and on other levels of feeding.

(11i) Examination of the carcass valuation schedule

Table 28 sﬁows the carcass value computed for the midpoint of
each carcass weight, backfat depth classification in the grading
system schedule using the average bid price paid in Alberta during
1970.

The regression equations developed for predicting weight of muscle

and lean (muscle plus intermuscular fat) were:

Total muscle = 9,11 - 0.18574(total backfat) + 0.4830(carcass weight)

RZ

]

0.945, S.E. = 1.46 kg

Total lean = 6.7218 - 0.1768(total backfat) + 0.5656(carcass weight)

R2

0.969, S.E. = 1,32 ke

Using these equations, predicted muscle and lean weights were
computed at the midpoints of each backfat and carcass welght range

classification of the grading system schedule. Tables 29 and 30 show
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Table 28. Price paid per carcass within each cell of the hog carcass
valuation schedule when carcasses are valued at $0.62
per kg of hot carcass weight of grade index 100.

1
Carcass 2

weight (kg) 48.52 57.59 61.00 65.63 70.06 74.60 79.36 85.26 92.16

Backfat
(mm)
48.3 26.411 37.83 41.69 45.09 49.09 52.27 55.45 48.54 48,95
52.1 26.41| 37.11 40.83 |44.68]|48.21| 52.27 55.45 48.54 48.95
57.2 26.411 36.75 40.06 [43.86||47.78| 51.34 54.46 48.54 48.95
62.2 26.41| 36.03 39.30 |43.04(|46.90| 50.87 53.96 48.54]148.95
67.3 26.411 35.31 38.92 [42.22|146.02] 49.94 52.97 |48.54 48.95
712.4 26.41| 34,95 38.16 |41.81(|45.15(|49.00] 51.98 48.54](48.95
17.5 26.41| 34.23 37.39 40.99 [44.71| 48.07 |50.99 48.54]148.95
82.6 26.41} 33.15 37.01 40.17 [43.83| 47.60 |50.50]]48.54 48.95
87.6 26.41 31.71 36.25 39.76 |42.95| 46.67 |49.50| 48.54 48.95
92.7 26.41 31.71 35.10 38.94 42.52 45.74 |48.52 48.54 [48.95
97.8 26.41 31.71 33.58 37.72 41.64 45.27 |48.02 48.54 [48.95
102.9 26.41 31.71 33.58 36.08 40.32 44.34 47.03 46.40 47.22
108.0 26,41 31.71 33.58 36.08 38.57 42.94 45.54 46.40 47.22
111.8 26.41 31.71 33.58 36.08 38.57 41.07 43.56 46.40 47.22

1. Values given for carcass weight and backfat are for the
midpoints of the ranges given in the valuation schedule.

2. This value was obtained by adding the same increment
separating the previous two midpoints to the previous mid-
point,

3. Data from the current experiment fell within those cells
enclosed by solid lines.
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Table 29, Predicted muscle weight and predicted muscle weight expressed as
per cent of hot carcass welght within each cell of the hog carcuss
valuation system schedule,

Predicted muscle weight (kg)

1
Carcass 2
weight (kg) 48.52 57.59 61.00 65.53 70.06 74.60 79.36 85.26 92,16

1
Backfat
(om)
48.3 23,58 27.96 29.61 31.80 33.98 36.18 38.48 41.33 44.66
52.1 22,87) 27.25 28.90 |31.09}]33.28] 35.47 37.77 40.62 43.95
57.2 21,93 26.31 27.96 [30.14{)32.33] 34.53 36.82 39.68 43.01
62.2 20,98| 25.37 27.01 ]29.20(|31.39} 33.58 35.88 [38.73|]42.06
67.3 20.04| 24.42 26,07 [28.26(]|30.45] 32.64 34.94 [37.79]]41.12
72.4 19.10] 23.48 25.13 |27.31{{29.50 l;;j;;] 34,00 (36.84(f40.18
7.5 18.15( 22,54 24.18 26.37 {28.56| 30.75 {33.05]]35.90|[39.23
" 82.6 17.21| 21.59 23.24 25.43 27.62 29.81 [32.11]]34.96||38.29
87.6 16.27 20.65 22.30 24.48 [26.67| 28.86 |31.16| 34.01 }37.35
92.7 15.32 19.71 21.35 23.54 25.73 27.92 [30.22] 33.07 [36.40
97.8 14.38 18.76 20.41 22.60 24.78 26.98 |29.28| 32.13 |35.46
102.9 13.44 17.82 19.46 21.65 23.84 26.03. 28.33 31.18 |34.52
108.0 12,49 16.88 18.52 20.71 22.90 25.09 27.39 30.24 |33.57
111.8 11.78 16.17 17.81 20.00 22.19 24,38 26.68 29.53 32.86
Predicted muscle weight as per cent of hot carcass weight
1
Carcass 2

weight (kg) 48.52 57,59 61.00 65.53  70.06 74.60 79.36 85.26 92.16

1
Backfat
(mum) .
48.3 48.6) 48.6 48.5 48.5 4B.5 48,5 48.5 4B8.5 48.5
52.1 47.1 42.3  47.4 |47.4] [47.5] 47.5 47.6 47.6  47.7.
57.2 45.2) 45.7 45.8 146.0| |46.1| 46.3 46.4  46.5 46.7
62.2 43.2] 44.0 44,3 |44.6) |44.8] 45.0 45.2 | 45.4) |45.6
67.3 41.3| 42,4 42,7 |43.1] [43.5] 43.8 44.0 |44.3| [44.6
2.4 39.4] 40.8 41.2 |41.7) |42.1f 142.5] 42.8 [43.2] [43.6
77.5 37.4| 39.1 39.6 40.2 |40.8{ 41.2 41,6 |42.1] |42.6
82.6 35.5( 37.5 38.1 38.8 139.4] 40.0 {40.5]]41.0] [41.5
87.6 33.5 35.8 3.6 37.4 |38.1) 38,7 |39.3| 39.9 |40.5
92.7 31.6 34,2 35.0 35.9 36.7 37.4 (38.1| 38.8 |39.5
97.8 29.6  32.6 33.4 34,5 35.4 36.2 [36.9| 37.7 |38.5
102.9 27.7  30.9 31.9 33.0 34.0 34,9 357 36.6 [37.4
108.0 25.7  29.3 30.4 31.6 32.7 33.6 34.5 35.5 |236.4
111.8 24,3 28,1 29.2 30,5 31.7 32.7 33.6 34.6 35.7

1. Values given for carcass weight and backfat are for the nidpoints of
of the ranges given in the valuation schedule.

2. This value wan obtained by adding the same increment separating the
previous two midpoints,

3. Datn from the current experiment fell within those celln enclosed by
solid lincn.
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Tuble 30, Predicted fontermuscular fat and muscle weight and predicted inter-
muscular fat and susele welpht expressed as per cent of hot carcass
welght within cach cell of the hog carcass valuat fon gystem achedule,

Predicted {utermuscular fat and muscle welght (kg)

1
Carcass
weight (kg) 48,52 57.59 61.00 65.53 70.08 74.60 75.36 85.26 92.16

1

Backfat

(zm) .

48.3 25.63 30.76 32.69 35.25 37.81 40.38 43.07 46.41 50.13
52.1 24,96} 30.09 32,02 !34.58 37.1? 39.71 42,40 45.74 49,64
57.2 24.06] 29.19 31.12 ]33.68|(36.24! 38.81 41,50 44.84 48.74
62.2 23.16) 28.29 30.22 | 32.78 35.34: 37.91 40.60 [43.94((47.84
67.3 22,26} 27.39 29.32 | 31.88 34.45' 37.02 39.71 [43.04][46.95
72.4 21.37] 26.50 28.42 |30.99{33.55 w 38.81 142.15((46.05
77.5 20.47| 25.60 27.53 30.09 |32.65| 35.22 [37.91)[41.25]]45.15
82.6 19.57] 24.70 26.63 29.19 [31.75| 34.32 |37.01(/40.35](44.25
87.6 18.67 23.80 25.73 28.29 {30.85( 33.42 |36.11] 39.45 {43.35
92.7 17.77 22.90 24.83 27.39 29.96 32.52 {35.22| 38.55 |42.46
97.8 16.88 22.00 23.93 26.50 29.06 31.63 |34.32( 37.66 |41.56
102.9 15.98 21.11 23.04 25.60 28.16 30.73 33.42 36.76 [40.66
108.0 15.08 20.21 22.14 24.70 27.26 29.83 32.52 35.86 |39.76
111.8 14.40 19.54 21.46 24.03 26.59 29.16 31.85 35.18 39.09

Predicted intermuscular fat and muscle weight expressed as per cent of hot
carcass weight

1
Carcass 2
weight (kg) 48.52 57.59 61.00 65.53 70.06 74.60 79.36 85.26 92.16

1
Backfat
(mm) .
48.3 52.81 53.4 53.6 53.8 54.0 S54.1 54.3 54.4 54.6
52.1 51.41 52.2 52.5 [52.8| |53.0] 53.2 53.4 53.6 53.9
57.2 49.6| 50.6 51.0 |s51.4) (51.7] 52.0 52.3 52.6 52.9
62.2 47.7( 49.1 49.5 |50.0| [50.4] S50.8 51.2 |[s1.5 51.9
67.3 45.9| 47.6 48.1 |48.6 49.2| 49.6 50.0 |50.5] |50.9
72.4 44.0( 46.0 46.6 147.3| {47.9 E8—1| 48.9 149.4] [50.0
7.5 42,21 44,4 45.1 45.9 |46.6] 47.2 |47.8| |48, 49.0
82.6 40.3| 42.9 43.6 44.5 |[45.3| 46.0 [46.6] |47.3] l4s.0
87.6 38.5 41,3 42.2 43.2 [44.0 44.8 }45.5| 46.3 47.0
92.7 36.6 39.8 40.7 41.8 42.8 43.6 J44.4| 45.2 [46.1
97.8 34.8  38.2 39.2 40.4 415 42.4 |43.2] 44.2 [45.1
102.9 . 32.9  36.6 37.8 39.1 40.2 41.2 42.1 43.1 |44
108.0 31.1 35.1 36,3 37.7 38.9 40.0 41.0 42.0 |43.1
111.8 29.7 33.9 35.2 36.7 38.0 39:1 40.1 41.3  42.4

1. Values given for carcass weight and backfat are for the midpoints of the
ranges given in the valuation schedule.

2, This valuc was obtatned by adding the same i{ncrement separating the
previous two midouints to the previous midpoint.

3. Data fronm the current experiment fell within those cells enclosed by
solid lincs,
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the predicted weights of muscle and lean respectively. The predicted
weigﬁts were also expressed as percentéges of the midpoint of the
warm carcass weight classification for each cell of the schedule.

As expected, predicted total muscle content decreased as backfat
increased within each carcass weight classification and muscle weight
increased as carcass weight increased within each backfat classificat—
ion. Expressed on a percentage basis, within each weight classificat-
ion the per cent muscle decreased as the depth of backfat increased.
Within the lowest backfat classification per cent muscle remained very
stable as carcass weight increased. However, as backfat increased
this stability of per cent muscle across carcass weight decreased
until at the highest backfat classification per cent muscle was 24.3
in the lightest carcass classification, rising to 35.7 in the heaviest
carcass classification.

A éimilar pattern was present in the.lean and per cent leaﬁ
(Table 30), except that a trend for per cent lean Fo increase as
carcass welght increased was present at the low classification for
backfat,

The prices paid per kg for estimated weight of muscle and lean
are shown in Table 31. Within any fat depth classification, lowest
prices were paid in carcasses of the heaviest classification; the next
lowest price per kg of muscle and lean being paid for carcasses in the
lightest carcass classification., However, in backfat classifications
exceeding 92.7 mm the light carcasses were paid at the highest raté
for muscle and lean. There was a trend over the entire table for the
price paid per kg of muscle or lean to increase as backfat increased.

It was found that within carcass weight classifications lower prices
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Table 31, Prices patd per kg of estimated muscle welght and per kg of
estimated muscle plus fntermuscular fat weight within cach cell of
the hog carcass valuatfon schiedule when carcass was valued

at $0.62 per kg of hot carcass weight of grade index 100,

Price paild per kg of estimated muscle weight

Cnrcuss1 2
weight (kg) 48.52 57.59 61.00 65.53 70,06 74.60 79.36 85,26 92.16
1
Backfat
(mm)
48.3 1.12] 1,35 1.40  1.42 1.44 1,44 1,446 1.17 1.10
52.1 1.16] 1.36 1.41 ) 1.44f) 1.45( 1.47 1.47 1.20 1.11
57.2 1,200 1.40  1.43 [ 1.46({ 1.48{ 1.49 1.48 1.22 1.14
62.2 1.26] 1.42 1.46 | 1.47|) 1.49] 1.52 1.50 | 1.25|] 1.16
67.3 1.32] 1.45 1.49f 1.49%] 1.51] 1,53 1.52 | 1.28{} 1.19
72.4 1.38) 1.49 1.52 | 1.53{| 1.53]{ 1.55[ 1.53 | 1.32(] 1.22
77.5 1.46] 1.52 1.55 1.55 | 1.56 _1.56 1.541} 1.35{1 1.25
82.6 A 1.53] 1.54 1.59 1.58 { 1,59 1.60 | 1.57{] 1.39 1.28'
87.6 1.62 1.5 1,63 1.62 | 1.6l 1.62 | 1.59] 1.43} 1.31
92.7 1.72 1.61 1.64 1.65 1.65 1.64 | 1.60{ 1.47 ; 1.34
97.8 1.846 1.69 1.64 1.67 1.68 1.68 | 1.64] 1.51 | 1.38
102.9 1,96 1.78 1.73 1.67 1.69 1.70 1.66 1.49 | 1.37
108.0 2,11 1.88 1.81 1.74 1.68 1.71 1.66 1.53 | 1l.41
111.8 2,26 1,96 1.88 1.80 1.74 1.68 1.63 1.56 1l.44
Price paid per kg of estimated muscle plus intermuscular fat weight
1
Carcass 2

weight (kg) 48.52

57.59 61.00 65.53 70.06 74.60 79.36 85.26 92.16

Backfat

(mm)
48.3
52.1
57.2
62.2

67.3

3,

1.23 1.27 1.28 1.30 1.29 1..29 1.04 0.97

1.23 1,28 (1.29} |1.30| 1.32 1.31 1.06 0.97

1.26 1,29 |1.30| |1.32| 1.32 1.31 1.08 1.00

1.27 1,30 {1.31| |1.33| 1.34 1.33 |1.10} [1.02
1.29 1.33 j1.32| |1.36] 1.35 1.33 |1.13] |1.04

1.32  1.34 |1,35] |1.34] {1.36] 1.34 [1.15{ {1.06

1.34 1,36 1.36 [1.37] 1.36 |1.34| |1.18} [1.08

1.34 1,39 1.38 |[1.38| 1.39 (1.36] {1.20] [1.11

1.33  1.41 1,40 |1.397 1.40 [1.37}1 1.23 [1.13

1.38  1.41 1,42 1,42 1.41 |1.38] 1.26 |1.15
1.44 1,40 1.42 1,43  1.43 }1.40] 1.29 |1.18

1.50 1.46 1,41 1,43 1.44 1,41 1.26 |1.16

1.57 1.52 1.46 1,41 1l.44 1.40 1.29 |1.19

1.62 1.5 1.50 1.45 1.41 1.37 1.32 1.21

Values given for carcass weight and backfat are for the mid-
points of the ranges given in the valuation schedule.

This voluc was obtained by adding the same increment separating
the previous two midpoints to the previous midpofnt.

Data from the current experiment fell within those cells enclosed
by solld lines
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were paid per kg of muscle in carcasses scoring an index of 100 or
more than in carcasses scoring less than 100. There was one exception
to this trend in carcass lean. Assuming that it costs about the same
to process a fat carcass of a given weight as it does to process one
with less backfat, the processing costs per kg of muscle or lean would
increase as backfat increased. On this basis it would be expected
that pigs with higher backfat measurements should be paid less per kg
of muscle or lean than those with lower backfat; just the reverse of
‘the situation outlined in Table 31.

Another way of looking at the éituation is to trace the price
paid per ké of muscle or lean in carcasses from different classificat-
ions but having approximately the same yield of muscle or lean. This
involves a combination of values presented in Tables 29, 30 and 31 and
for convenience the appropriate values have been extracted and are in
Tables 32 and 33 for muscle and lean respectively,

In Table 32 it can be seen that approximately 25 kg of muscle was
predicted at four combinations of carcass weight and backfat. As both
carcass weight and backfat increased, the price paid per kg of muscle
increased. This trend was present, but to a lesser degree, in carcass-
es ylelding approximately 30 kg but the price had reached a peak and
was declining at the heaviest carcass weight classification. For car-
casses having approximately 35 kg of muscle the maximum price had
shifted further towards lower backfat and lower carcass weight com
binations., A similar trend was present in price paid per kg of lean
(Table 33). |

The previous tables have been computed using the existing indices

in the tables of differentials, Use of these indices resulted in
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Table 32, Combinations of carcass weights and backfat depths yfelding
carcasses containing approximately 25, 30 and 35 kg of

Predicted muscle, together with prices paid per kg of muscle.

Carcass
welght (kg) 48.52 57.39 61.00 65.53 70.06 74,60 79.36 85.26

92.16

Backfat .
(mm)

1
29.61
48.3 $1.402

52.1

30,14 34.53
57.2 $1.46 $1.49

25.37
62,2 $1.42

30.45 34.94
67.3 $1.51 $1.52

25.13
72.4 $1.52

77.5

82.6 25,43 29.81 34.96
. $1.58 $1.60 $1.39

30.22
92.7 $1.60

24,78
97.8 $1.68

102.9

25.09 30.24
108.0 $1.71 $1.53

111.8

34.52
$1.37

1. Weight of estimated muscle (kg).

2, Price paid per kg of estimated muscle.




-108-~

Table 33. Combinations of carcass weight and backfat depths yielding
carcasses containing approximately 25, 30, 35 and 40 kg of predicted

muscle plus intermuscular fat, together with prices paid per kg of tissue.

Carcass
weight (kg) 48.52 57.59 61.00 65.53 70.06 74,60 79.36 85.26 92,16

Backfat
(mm)

48:52 25.63 35.25

$1.03 $1.28

30.09 39.71

52.1 $1.23 $1.32

57.2

30,22 35.34 39.71

62.2 $1.30 $1.33 $1.33

67.3

72.4

77.5 25.68 30.09 35.22
* $1.34 $1.36 $1.36
40.35
82.6 $1.20
25.73
87.6 $1.41
29.96 35.22

92,7 $1.42 $1.38

97.8

25.60

102.9 §1.41
29,83 39.76

108.0 $1.44 . $1.19
35.18

111.8 $1.32

1. Weight of estimated muscle plus intermuscular fat (kg).

2.. Price paid per kg of estimated tissue,
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discrepancies in the prices paid for the muscle or lean in carcasses,
Table 34 shows the existing indices together with those ﬁhich would
apply if muscle was valued at a constant price, regardless of the
carcass weight classification or backfat depth of the carcass. Up

to a backfat depth classification of 77.5 mm all carcasses would re-
ceive higher indices., For carcasses above the 87.6 mm backfat classi-
fication and weighing less than 85.26 carcass weight classification
the trend would be for lower indices for carcasses as backfat depth
increased. For carcasses within the 85.26 kg carcass weight classifi-
cation or higher, the amended indices would be higher than the present
indices over all backfat classifications, thus compensating such car-
casses for their high muscle content. Similar comments are also
applicable to Table 35 which is based on paying the same price over
all classifications for the content of lean.

The basis for this examination has been yield of muscle or lean
and this differs from the work on which the system was based since
yield of cuts used in the original study included muscle, intermuscu-
lar fat, bone and some subcutaneous fat. This would account for the
differences in the per cent yield in the published table of differ-
entials and those presented for muscle and lean in this study. How-
ever, it is considered that a revision of the table of differentials
incorporating some of the findings of this study would be beneficial
to the Canadian hog.industry. The amended indices give a wider range
in indices (123 - 62 and 121 - 65 for muscle and lean respectively)
than the existing table (112 - 82). A revision which resulted in such

a widening of the range of indices would encourage the production of
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Table 34, Actual grade indices and grade indices adjusted so that a uniform
price would be paid for each kg of estimated muscle welight. Based
on payment of $1.587 per kg muscle to carcass having index of 100
in cell located at 82.6 mm backfat and 70.06 kg hot carcass weight.

1
Carcass

2

weight (kg) 48.52 57.59 61.00 65.53 70.06 74.60 79.36 85.26 * 92.16

1
Backfat
(zm) 3 v
48.3 87 105 109 110 112 112 112 91 85
) 1231 123 © 123 123 123 123 123 123 123
52.1 87 103 107 109 110 112 112 91 85
* 120 120 120 120 120 121 121 121 121
57.2 87 102 105 107, -]109 110 110 91 85
' 115 116 116 117 117 117 118 118 = 118
62.2 87 100 103 105 107 109 109 91 85
) 110 112 112 113 114 114 115 115 116
67.3 87 98 102 103 105 107 107 91 85
* 105 108 108 109 110 111 112 112 113
72.4 87 97 100 102 103 105 105 91 85
* 100 103 104 106 107 108 109 110 111
77.5 87 95 98 100 102 103 103 91 85
: 95 99 100 102 103 104 106 107 108
82.6 87 92 97 98 100 102 102 91 85
) 90 95 97 98 100 101 103 104 106
87.6 87 88 95 97 98 100 100 91 85
) 85 91 93 95 97 98 100 101 103
92.7 87 88 92 95 97 98 98 91 85
' 80 87 89 91 93 95 97 98 100
97.8 87 88 88 92 95 97 97 91 85
' 75 83 85 87 90 92 94 96 98
102.9 87 88 88 88 92 95 95 87 82
' 70 78 81 84 86 88 91 93 95
108.0 87 88 88 88 88 92 92 87 82
i 65 74 77 80 83 85 88 90 92
111.8 87 88 88 88 88 88 88 87 82
: 62 71 74 77 80 83 86 88 91
1. Values given for carcass weight and backfat are for the
midpoints of the ranges given in the valuation schedule.
2. This value was obtained by adding the same increment separating
the previous two midpoints to the previous midpoint.
3. Data from the current experiment fell within thosé& cells enclosed

by solid lines,
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Table 35. Actual grade indices and grade indices adjusted so that a uniform
price would be paid for each kg of estimated weight of muscle plus
intermuscular fat. Based on payment of $1.380 per kg of muscle
plus fat for carcass having index of 100 in cell located at
82.6 mm backfat and 70.06 kg hot carcass weight.

1
Carcass 2
weight (kg) 48.52 57,59 61.00 65.53 70.06 74.60 79.36 85.26 92.16

1
Backfat
(mm) 3
48.3 871 105 109 110 112 112 112 91 85
. 117/ 118 118 119 119 119 120 120 121
52.1 871 103 107 |109| |10l 112 112 91 85
1141 115 116 |116] [117[ 117 118 118 119
57.2 87| 102 105 |107| [1209] 110 110 91 85
1097 112 113 (113 |14 115 116 116 117
62.2 871 100 103 {105] J107] 109 109 91 85
. 1051 108 109 [110] jim| 112 113 (114] (115
67.3 87 98 102 [103| |105| 107 107 91 85
. 101 105 106 |107) [108] 110 111 |111| (112
2.4 87 97~ 100 [102] |103| |105] 105 91 85
. 97( 102 103 (104f f106| |107] 108 |109] |[110
27.5 87 95 98 100 [102] 103 |103 91 85
. 93 98 100 101 {103] 104 |106] [107] |108
82.6 87 92 97 98  j100{ 102 |102 91 85
. 89 95 96 -98 (100f 102 (103 l104| |106
87.6 87 88 95 97 98| 100 [100 91 85
85 91 93 95 97 99  j101] 102 |104
92.7 87 88 92 95 97 98 98 91 85
. 81 88 90 92 94 9% 98! 100 |102
97.8' 87 88 88 92 95 97 97| 91 85
. 77 84 87 89 92 9 96 97  |100
102.9 87 88 88 88 92 95 95 87 82
. 73 81 83 86 87 91 93 95 97
108.0 87 88 88 88 88 92 92 87 82
. 68 77 80 83 86 88 91 93 95
1118 87 88 88 88 88 88 88 87 82

65 75 78 81 84 86 89 91 94

1. Values given for carcass weight and backfat are for the
midpoints of the ranges given in the valuation schedule.

2. This value was obtained by adding the same Yncrement separating

the previous two midpoints to the previous midpoint.

3. Data from the current experiment fell within those cells enclosed

by solid lines.
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leaner carcasses by paying more for them and by paying much less for

fat carcasses than current practice.
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CONCLUSIONS

Prediction equations for total muscle were developed from
measurements made routinely during hog carcass grading in Canada
(i.e. carcass weight and backfat depths). Such equations gave results
sufficiently accurate to agree broadly with those obtained by actual
dissection. However, when predicted values were used in lieu of
actual values in analysis of variance the percentage of estimated
means falling within + one standard error of the actual mean decreased
when equations were used on carcasses which did not contribute to the
data from which the prediction equation was derived. The addition of
increasingly expensive predictors such as cavity fat and individual
muscles to the predictors furnished by the hog valuation system
resulted in improved accuracy of prediction. Thus research workers
in Canada could interpret their results in terms of muscle production
by use of such equations. However, it is considered that the equat-
ions were not rigorously tested in this experimént since cross-valida-
tion consisted of dividing the experiment into two breed groups, de-
veloping separate equations for those breed groups and applying these
to the other half of the»experiment. A more stringent test would be
to apply the regression equations developed to carcasses derived from
a completely different experiment and it is suggested that this should
be done in future studies.

In view of the possibility of treatment effects on the relation-
ship between a predictor and a predictant, it is considered £hat up-
dating 1s an essential feature of the use of prediction equations.

The prediction equations developed in this study should be considered

merely as a basis, subject to continual up-dating. It is urged that
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future pig production studies include routine dissection of several

carcasses from each treatment and that these be incorporated into an
up-dated equation for use on the remaining carcasses produced on the
experiment,

An exploration was made into the suggestion that predictors be
measured and that inferences be made about the effects of treatments
on actual muscle by examining the predictors themselves and not by
estimating total muscle and making inferences on the basis of estimat-
ed muscle. It was found that in some cases similar inferences would
have been made by considering either the predictor or actual muscle
while in others it would have been.misleading to do so. In view of
this it is considered that caution should be used when interpreting
results of treatment effects on indices of carcass composition.

Data were examined by use of analyses of variance followed by
response surface analyses using production function prediction equat-
ions. Analyses of variance of main treatment effects and interactions
on such variables as daily liveweight gain, feed conversién ratios and
grade index, provided some insight into which treatments: were ‘superior
for given situations. The response surface approach resulted in
equations which provided opportunity for broader and more integrated
interpretations. Combinations of inputs (treatments) which resulted
in areas of most profitable response could be ascertained. A combina-
tion of conventional analyses of variance and the response surface
approach was shown to be complementary and is recommended in pig
production research.

A feeder operation was used as the basis for the'econoﬁic analysis

in this thesis. It is recognized that this was a simplified approach
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and the more complex conditions of large scale farrow to finish units
should be subjected to a similar analysis. The final evaluation could
be made by determining the combination of input variables which would
result in higher return per unit of pﬁysical plant - perhaps returns
Per pen space per year. It is recommended that future hog production
research incorporate an analysis of data using economic models design-
ed to put monetary values on treatment effects, The use of the
economic analysis demonstrated that gilts are considerably more profit-
able than male castrates. This demonstration supports the suggestion
that weaner pigs be sold by sex at auction marts. It highlights the
importance of research directed at sex determination. While there is
discrimination against the use of boars as a source of pork it is felt
that further research into the influence of sex status on performance
is warranted. Such research could lead to moves to remove the dis-
crimination against the use of boars as a source»of pork.

The grading system strongly influenced the liveweight range
within which slaughter achieved high returns per pen space per year.
This was made apparent by valuing carcasses on a muscle content basis
and demonstrating that the slaughter weight range within which high
returns were achieved was widened. The revised table of differentials
presented are not propoéed as realistic alternatives to the existing
schedule as no account was.taken of the point that carcasses of
heavier weights yield more muscle per unit of processing costs than
do those of lighter weights. The amended differentials also ignore
the influence of size of cuts on suitability for merchandising. More-
over the results from this experiment need to be treated with caution

since they are based on a prediction equation derived from only 72
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carcasses., However, the finding that within a carcass weight range
the price paid per kg of muscle increased as the depth of backfat
increased requires further investigation which perhaps could lead to
an amended valuation grid. In addition, it ié considered that the
suggestion to widen the range in indices is worthy of further investi-
gation as it would provide a greater incentive for the production of
low backfat carcasses.,

The grading system is an advanced technique which has enabled
develdpment of the sophisticated hog marketing procedures in use by
the Alberta Hog Producers Marketing Board. Because of the fundamental
importance of the system it is strongly recommended that it be subject-
ed to periodic review, This study has demonstrated that the grading
system may not be adequately rewarding producers who market pigs of
high muscle content. Pig production research is being reported in
terms of efficiency of muscle production and this and other studies
have reported prediction equations for estimating total muscle, How-
ever, total muscle weight may not be a realistic measure of carcass
merit., Consequently, it is urged that attentioﬁ be given to the
relationship between total muscle content and percent yield of retail
cuts; currently the basis of the grading system.

Cross-validation is a procedure to be kept in mind when discussing
regression equations be they referred to as prediction eQuations or
production functions, Until it is known how muéh discrepancy there
can be between research results and those which would be obtained on
the commercial farm, recommendations made on the basis of experimental
responses are suspect. Candler (1962) suggested that such unadjusted

recommendations can only be regarded as untested hypotheses that have
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every chance of being inadequate, He proposed that an alternative
was to issue recommendations based on responses determined under farm
conditions,

The response surface methods used in this thesis require skilled
staff and sophisticated computer hardware and software. Box and
Draper (1969) have found that use of such accurate approaches limits
the application of the technique in secondary industry. They conclud-
ed that it would be Better to.settle for a less sophisticated approach
which could be used routinely in plant operation than to advocate an
accurate method, so costly and complicated, that it would not be used
routinely, Accordingly, they designed aﬁ operations research technique
which could be conducted by plant foremen. They argue that operations
research conducted in this manner is like natural evolution in that
adjustment of the process variables to their best levels involves a
process of natural selection in which unpromising combinations of the
levels of the process variables are neglected in favour of ﬁromising
ones.

It is considered that research aimed at adapting the type of
routine operations research developed by Box and Draper (1969) to pig
production is required. Such a technique could provide the fine tun-
ing required to adapt research recommendations to commercial practice.,
The improvement attained in constantly moving towards the op timum
conditions is not the only possible benefit. The replacement of a
routine chore by a constantly altering production process With progress
résults constantly in view could lead to improved operator morale, a
factor of some importance in the conduct of an intensive pig prodpct-

ion unit,
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Thére are many.afeas where attention is reQﬁired in the adaption
- of the process to routine operation in a hog enterprise. Some of
these areas include:

the development of a suitable record system,

definition of what constitutes a batch,

methods of providing several diets simultaneously,

whether or not to segregate sexes, ‘

how to account for the removal of replacemept breediné stock, and

the likely costs and returns.

While much work needs to be done in adapting the process to pig
production it is considered that such a procedure would be beneficial
in large scale préduction units which can apply the results to their
pigs, their environment, their restriction on age at slaughter, their

management and their feeds.,
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Appendix I

The Response Function

The response function used to estimate each of the
dependent variables in this study was the second degree
polynomial

(1) Y = A + BX + CX + DX

1

-

+ EX

NN

+ FX.X

2 1

where X1 = Feed level

and X2 Slaughter weight,

The values of the intercept (A) and the regression
coefficients (B, C, D, E, F) were derived using a multiple

regression progranm.

The Isoquant Equation
For a constant value of Y = Y*, the isoquant function

is derived from the response function by solving for X, in

2

terms of Xl.

Since

Y* = A 4+ BX + CX + DX + EX2 + FX.X

2
1 2 1

then

(E)X§ + (C + FXl)X2 + (A + BX1 + DX% - Y*) = 0,

Using the solution of a standard form quadratic in X2

2 2
(2) X,= -(C + FX)) + /(c + FX)7 - 4(E)(A + 3x1+Dx1 - Y*)

Lav

2E
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Ip order to do the Plotting, there was defined a vector
v (corresponding to feed level) with 100 elenents ranging in
value from 3.212 to 4.4 1in equal increments of 0.012,

From those values of v which had two solutions in )
equation (2) two vectors w, and v, (corresponding to slaughter
welght) were generated for each isoquant._'Those values of L)
and Wy which fell within the range of the data were plotted

against the corresponding values of v,

Equations for the Solution of the Maximum Response
Two methods were employed in solving for the maximum
response: A, Maximum response within the range of the data.

B. Maximum response outside the range of the data.

A. For those Plots where the maximum value of the
response lies within the range of the data (the boundaries of
the plot), this value may be solved for directly.

On the response surface
2

2
1 + EX2 + FX.X

Y= A + BX + CX + DX 1%,

1 2

the maximum value of Xl in terms of X2 is the partial
derivative (set to zero) of Y with respect to X,.

1
d Y _ - :
—3—§1 = B + 2DX1 + FXZ = 0,
or
3 x, = % _ CF)x,
7D 2D

Similarly, the maximum value of X2 in terms of Xl is.
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Since the maximum response value (Y max) occurs at the

intersection of (3) and (4), the Xl coordinate (xlmax) of Y max

is obtained by substituting the R.H.S. of G) for X2 in (3).
Thus
x max = :E - _E ( -c - F xlmax)
2D 2D 28 2E
or
(FC B ) (1 - > )
x max = - _t o+ iDE
4DE 2D
Likewise,
(FB c) (1 FZ)
x,max = - s - *

B. If the maximum response value lies outside the range
of the data, the maximum appropriate to the data (Ydatamax) is
found by solving for the largest response value along the
Plot boundary nearest the absolute maximum response.

For example, if Ymax has coordinates x max = 5 (%) and
X,max = 100 (kg), then, since the range of the data does not
exceed X1 = 4.4, the X1 coordinate (xldatamax) of Ydatamax is
set to 4.4,

From (4) '

x,datamax = ~C - (F )4.4

2 — —

2E 2E

When the appropriate coordinates have been found, the
value of Ymax or of Ydatamax is solved for by substituting the

values of the coordinates into (1).
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Figure 1,

Appendix

Isoquants for total

weight of muscle gained showing the
combinations of feed level and

slaughter weight estimated to
produce 14, 18, 22, 26 and 30 kg
of total muscle weight gain in

pigs.
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Appendix
Figure 2, Isoquants for total
weight of fat gained showing the
combinations of feed level and
slaughter weight estimated to produce
9, 15, 21 and 27 kg of total fat
gain in pigs. Isoquants are shown
for the overall experiment (a), for
the YL and YLY breed groups (b), and

for barrows and gilts (c).
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